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Abstract 
 
The genus Aloiampelos Klopper & Gideon F.Sm., previously treated as Aloe L. Ser. 
Macrifoliae (Sect. Prolongatae), comprises seven species with barely succulent leaves 
that are popularly known as rambling, scrambling or climbing aloes, because they 
make use of surrounding trees and shrubs for support. The rambling aloes are centered 
in the Eastern Cape but some species have disjunct distributions in the Western Cape 
and KwaZulu-Natal. Many are widely used in gardens and landscaping. With their 
rambling habit and weakly succulent leaves, the genus is widely considered to be an 
old lineage among alooid genera. Species concepts within the genus remain 
contentious, with disagreement amongst taxonomists with respect to the recognition 
of some taxa at the rank of variety. Morphology, historical taxonomy, palynology and 
phylogenetics of the genus were investigated. The occasional presence of minute cilia 
on the sheathing leaf bases and distinct lineation of the leaf sheaths of Aloiampelos 
tenuior var. decidua and Aloiampelos tenuior var. rubriflora were the most important 
outcomes of the morphological study. The pollen grains of all species studied were 
very similar in grain shape and exine surface pattern, with only minor differences in 
grain size. Ordination analyses showed that grain length and muri length were useful 
at the infraspecific level, with Aloiampelos tenuior “orange” separating clearly from 
the other varieties. Pollen morphology was therefore not informative as a taxonomic 
character at species level when used in isolation, but may be useful when used in 
conjunction with other characteristics. Preliminary analyses of two plastid barcoding 
regions (matK and rbcL) and nuclear ITS have confirmed that Aloiampelos is 
monophyletic. These barcoding markers were not informative in assessing the species 
boundaries among the closely related taxa in the genus and morphological 
assessments were therefore used to elucidate relationships at the species rank. A key 
is given for the genus, integrating the findings of the study.  
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1. INTRODUCTION 
 
Aloe L. sensu lato is a large genus of more than 600 species (Grace et al., 2011) of 
petaloid monocots in the family Xanthorrhoeaceae (APG III, 2009). Morphological 
and genetic diversity present in Aloe s.l. has been recognised for a long time (see e.g. 
Treutlein et al., 2003a) and more recently three smaller groups were segregated from 
Aloe as traditionally circumscribed: Aloidendron Klopper & Gideon F.Sm. (tree 
aloes), Aloiampelos Klopper & Gideon F.Sm. (scrambling aloes), and Kumara Medik. 
(fan aloes) (Grace et al., 2013).  
The aloes included in Aloiampelos, previously treated as Aloe Ser. Macrifoliae (Sect. 
Prolongatae), are popularly known as rambling, scrambling or climbing aloes. This 
natural assemblage of closely related species is characterised by slender, wiry stems 
and weakly succulent leaves. Their inflorescences bear brightly coloured red, yellow 
or orange flowers and as such they are popular in horticulture.  
 
The rambling aloes are centred in the Eastern Cape where they are quite common, but 
some species do have disjunct distributions in other South African provinces (Klopper 
& Smith, 2010).  
 
Species in the genus include Aloiampelos ciliaris, A. tenuior, A. striatula, A. gracilis, 
A. decumbens, A. commixta and A. juddii. Aloe pearsonii was originally placed by 
Reynolds (1969) in Aloe Ser. Macrifoliae due to its erect, slender and elongated stems 
but it has since been transferred to Aloe Ser. Mitriformes (Venter & Beukes, 1982; 
Viljoen & Van Wyk, 1999). 
 
The aim of this study is to revise Aloiampelos fully, in terms of anatomical, 
cytological and molecular evidence. These various lines of evidence will be used to 
clarify the phylogenetic relationships between the species in the genus, and to also 
confirm (or refute) the recognition of varietal ranks within variable species, within the 
genus. 
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1.1. Hypotheses 
 
 Species will exhibit anatomical characteristics matching those already 
described and published. 
 All species included in the genus will be similar in cytological and genetic 
characteristics. 
 All varieties of Aloiampelos tenuior will be upheld. 
 Pollen characteristics will be useful at delineating infra-generic ranks within 
the genus.  
 Aloe pearsonii which has previously been included in Aloe Ser. Macrifoliae 
has been chosen as an outlier in this study. The exlusion of Aloe pearsonii by 
Venter & Beukes (1982) will be tested. 
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2. LITERATURE REVIEW 
 
Aloe L. sensu lato is a large genus of more than 600 species (Grace et al., 2011) of 
petaloid monocots in the family Xanthorrhoeaceae (APG III, 2009). As evidenced by 
a large number of recorded vernacular names for the genus, it has a wide geographical 
distribution range that covers large parts of Sub-Saharan Africa, Madagascar, the 
Arabian Peninsula, Socotra and other Indian Ocean islands off the African east coast 
(Grace et al., 2011). Morphological and genetic diversity present in Aloe s.l. has been 
recognised for a long time (see e.g. Treutlein et al., 2003a) and more recently three 
smaller groups were segregated from Aloe as traditionally circumscribed: Aloidendron 
Klopper & Gideon F.Sm. (tree aloes), Aloiampelos Klopper & Gideon F.Sm. 
(scrambling aloes), and Kumara Medik. (fan aloes) (Grace et al., 2013). 
 
Aloes are perennial herbs, shrubs or trees. The leaves are succulent and usually 
dentate on the margins. The inflorescence is spicate, racemose or capitate with 
hexamerous red, yellow, orange, whitish or bi-coloured flowers. The ovary is superior 
and trilocular. The fruit is a loculicidal capsule with angled, tetrahedral black or 
brown seeds (Glen & Hardy, 2000; Reynolds, 1969). Aloes rarely have bulbs and do 
not commonly form bulbils (plantlets) on their inflorescences (Smith & Van Wyk, 
2008). Most members of the genus have a chromosome count of fourteen, comprised 
of eight long and six short chromosomes. The maximum length of the chromosomes 
is 12m (Smith & Van Wyk, 2008). 
 
Aloes produce abundant, dilute nectar that attracts several species of birds that then 
act as pollinators. Birds are the main pollinators, but bees (Botes et al., 2009a) and 
rarely other insects (Botes et al., 2009b) have also been shown to forage on and 
pollinate aloe flowers. The pollination of Aloiampelos has not yet been studied, but 
the horizontal position of the flowers in some species (for example, Aloiampelos 
tenuior) suggests insect pollination (Botes et al., 2009b). 
 
The leaves of several species in the genus resprout from lignotubers after fire. Those 
species with lignotubers are those occurring in fybos vegetation i.e. A. tenuior var. 
viridifolia, A. juddii, A. commixta and A. decumbens. This adaptation is important as 
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fynbos vegetation is both fire-adapted and fire-dependant (Van Wilgen, 2009), 
making fire an important ecological driver in the habitat in which these species occur.  
 
The aloes included in Aloiampelos, previously treated as Aloe Ser. Macrifoliae (Sect. 
Prolongatae), are popularly known as rambling, scrambling or climbing aloes. This 
natural assemblage of closely related species is characterised by slender, wiry stems 
that at length make use of surrounding trees and shrubs for support. Their leaves are 
weakly succulent and the genus as a whole is widely considered to be an ancient 
lineage among the group of alooid genera (Holland, 1978; Treutlein et al., 2003a). 
Inflorescences are short or long racemes or candelabra-like panicles, with few small 
to large flowers. Mature plants may produce many racemes (Van Wyk & Smith, 
2003; Reynolds, 1969). The rambling aloes are centred in the Eastern Cape where 
they are quite common, but some species do have disjunct distributions in other South 
African provinces (Klopper & Smith, 2010).  
 
The number of species included in the genus varies according to the different species 
concepts adopted by various authors (Reynolds, 1969; Glen & Hardy, 2000; Van 
Jaarsveld 2007 & 2008; Klopper & Smith, 2010; Grace et al., 2011). Most authors 
agree which species should be included at species rank in Aloiampelos, but the 
recognition of varieties is more problematic. Species in the genus include Aloiampelos 
ciliaris, A. tenuior, A. striatula, A. gracilis, A. decumbens, A. commixta and A. juddii. 
The biggest taxonomic disagreement is in Aloiampelos tenuior with some authors 
recognising up to five varieties (Reynolds, 1969; Van Jaarsveld 2007 & 2008) 
whereas other authors consider it to merely be a very variable species (Glen & Hardy, 
2000; Klopper & Smith, 2010; Grace et al., 2011; Grace et al., 2013). Aloe pearsonii 
was originally placed in Aloe Ser. Macrifoliae by Reynolds (1969) due to its erect, 
slender and elongated stems. Though Reynolds (1969) also states that A. pearsonii 
“does not fit well” in this series as it has thick, fleshy leaves, and slender pedicels. It 
has since been transferred to Aloe Ser. Mitriformes (Venter & Beukes, 1982; Viljoen 
& Van Wyk, 1999). 
 
Species and genus concepts in the Asphodeloideae have long been a topic of 
controversy, due to the unusual patterns of variation among populations and taxa. 
According to the APGIII system Xanthorrhoeaceae subfamily Asphodeloideae 
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include the genera Aloe L., Asphodelus L., Asphodeline Rchb, Eremurus M.Bieb., 
Kniphofia Moench and Haworthia Duval (Chase et al., 2009). Inconsistent 
intergradations between genera in the order also complicate taxonomic treatments of 
the members. The current classification system is considered deficient, particularly 
with respect to reflecting the phylogenetic relationships amongst the genera. To 
achieve an accurate classification system, more taxa must be studied and more 
evidence included. Klopper et al. (2010) suggest that a combination of data from 
various fields will elucidate the true phylogenetic relationships and evolutionary 
history of this group. Smith and Steyn (2004) suggest including micro- and 
macromorphology, vegetative and reproductive characters, as well as chemical and 
molecular information. 
 
2.1. Family placement 
 
The classification of the genus, and indeed the classification of related genera in the 
same family, is problematic with the majority of authors disagreeing on the correct 
placement of the genera. In the past three decades in particular, there have been 
numerous changes in family concepts within the taxon. 
 
The previous taxonomic treatments of Aloe s.l. are presented in Table 1 in 
chronological order. 
 
Table 1: Taxonomic treatments of aloes & related alooid genera including 
Aloiampelos (adapted from Chase et al., 2009 and Klopper et al., 2010). 
Authors Taxonomic treatment 
Cronquist (1981) Aloeaceae 
Dahlgren & Clifford (1982) Asphodelaceae subfamily Asphodeloideae 
Dahlgren et al. (1985) Asphodelaceae subfamily Alooideae 
Brummit (1992) Aloaceae 
Smith & Van Wyk (1991) Asphodelaceae subfamily Alooideae 
Govaerts (2007) Xanthorrhoeaceae 
Chase et al. (APG, 2009) Xanthorrhoeaceae subfamily Asphodeloideae 
Nyffeler & Eggli (2010) Asphodelaceae 
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Classification systems may either promote an evolutionary or a phylogenetic 
approach. Some authors (such as Govaerts, 2007) have accepted the strict 
phylogenetic approach of the APG III system, whereas others (such as Klopper et al., 
2010) prefer the evolutionary approach and suggest the family Asphodelaceae be 
retained as a separate entity. 
 
2.2. New generic classification of Aloe 
 
Traditional classification systems within Aloe accommodated the considerable 
infrageneric diversity within the genus by grouping taxa at sectional, subsectional and 
series level (Reynolds, 1969). Many previous studies highlighted the need for a 
reassessment of the taxonomic treatment of the genus to a system that reflected the 
phylogenetic relationships between the core aloes and sister groups, the tree, rambling 
and fan aloes respectively (Adams et al., 2000; Treutlein et al., 2003a; Klopper et al., 
2010; Grace & Rønsted, 2012). In a study by Daru et al. (2012) the tree, fan and 
rambling aloes were strongly supported as clades separate from the „true‟ aloes. 
Earlier, Grace et al. (2013) proposed that the two distinct lineages of the rambling and 
tree aloes be elevated to generic rank as Aloidendron Klopper & Gideon F.Sm. (tree 
aloes) and Aloiampelos Klopper & Gideon F.Sm. (rambling aloes). Aloe plicatilis (L.) 
Mill. was also reinstated in the genus Kumara Medik. as Kumara plicatilis (L.) 
G.D.Rowley (Klopper et al., 2013). This new classification resolves the problem of 
paraphyly in Aloe. s. l. and reduces the heterogeneity of Aloe. s. str. (Grace et al., 
2013).  
 
Aloiampelos differs from Aloe in that the plants are shrubby or climbing, the leaves 
are cauline dispersed, sheathing, separated by distinct internodes, and unspotted. Leaf 
exudate is absent or minimal. The inflorescence is usually simple with the flowers 
being cylindrical to slightly clavate or subventricose, sometimes slightly narrowed 
above the ovary, but lacking a pronounced constriction above a bulbous basal 
swelling, with the perianth segments more or less connate (Grace et al., 2013). The 
name is derived from aloe and the Greek ampelos, which means climbing, referring to 
the general scrambling habit of members of the genus (Grace et al., 2013). 
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2.3. The Angiosperm Phylogeny Group (APG) Classification System and its 
effect on the classification of aloes 
 
In 1998 the Angiosperm Phylogeny Group (APG), a group of flowering plant 
systematists, first described and published a unified classification system for the 
Magnoliophyta. The research group recognised the need for a new, phylogenetic 
classification system of flowering plants because the systems previously in use, such 
as Cronquist (1981) and Takhtajan (1980) had become outdated. The APG system 
recognises a selected number of monophyletic suprafamilial groups, and each clade is 
usually supported by several lines of evidence (APG, 1998). The system is however 
mostly based on molecular phylogenetic evidence (Figure 1), whereas previous 
systems focused on similarities and differences in morphology (APG II, 2003). The 
emphasis in this system is on the ranks of family and order, and the authors adopt a 
broad circumscription of the orders. APG (1998) recognised 462 families and 40 
orders of flowering plants, in contrast to the Takhtajan (1997) system that recognised 
589 families and 232 orders. Both systems have been criticised for using either a 
“lumper” approach (APG) or a “splitter” approach (Takhtajan). The APG system 
assumes that the classification system will be more useful with a limited number of 
larger orders (APG, 1998). 
 
 
 
Figure 1: The major splits within angiosperms before the advent of molecular 
phylogenetics (top) and after the use of molecular data (bottom) (Savolainen & Chase, 
2003).   
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The first APG system (APG I) still recognised Asphodelaceae as a separate entity. In 
2002, APG published an update on the classification system (APG II – APG, 2003). 
The changes were minimal with only a few taxa affected, one of which was the order 
Asparagales. “Bracketed families” were also introduced, providing alternative 
circumscriptions for certain taxa. In the APG II system, as well as in a more recent 
update (APG III - APG, 2009), Asphodelaceae was taken up into Xanthorrhoeaceae 
(APG III, 2009).  
 
Although APG is not widely used as a classification system in South African herbaria, 
many European herbaria, such as the Royal Botanic Gardens, Kew, are adopting it 
(APG III, 2009). This, and the fact that it is based primarily on molecular evidence, 
made it the favoured choice of classification system for this study.  
 
2.4. The Aloes of the World Project 
 
The strongly internet-based Aloes of the World Project was initiated in 2007, and 
aims to facilitate scholarly research by compiling as much information as possible on 
the genus. The project was initially proposed in 2006 as a component of the African 
Plants Initiative, which is a facet of the internet repository ALUKA, JSTOR Global 
Plants at present. JSTOR Global Plants is an international initiative which is building 
an online digital library of scholarly botanical resources on the plants of the world.  
 
In November 2007 Aloe experts from around the world attended a workshop at the 
National Herbarium (PRE) of the South African National Biodiversity Institute 
(SANBI) in Pretoria to assess scholarly needs in terms of research and how these 
could be facilitated by the Aloes of the World Project (Smith et al., 2008). One of the 
major outcomes of the workshop was an informative and comprehensive taxonomic 
description template for Aloe species. This template is used in this study. There have 
been a few modifications to the template (Klopper, pers. comm.) and the most up to 
date template will be used. 
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2.5. Descriptions of the rambling aloes 
 
2.5.1. Aloiampelos ciliaris (Haw.) Klopper & Gideon.F.Sm. 
 
Aloiampelos ciliaris is one of the most readily identifiable species in the genus due to 
the distinctly auriculate leaf sheath. The epithet “ciliaris”, which means “fringed with 
fine hairs” aptly refers to the hairy fringes on the sheathing leaf bases (Jeppe, 1969; 
Van Wyk & Smith, 2003; Grace et al., 2011). Common names include “climbing 
aloe” and “fringing broader-leaved aloe” (Grace et al., 2011). 
  
Three varieties of A. ciliaris have been recognised – A. ciliaris (Haw) Klopper & 
Gideon.F.Sm. var. ciliaris, A. ciliaris var. tidmarshii (Schönland) Klopper & 
Gideon.F.Sm and A. ciliaris var. redacta (S.Carter) Klopper & Gideon.F.Sm (Figure 
2). A. ciliaris var. tidmarshii has been the object of much taxonomic debate, being 
published by Muller (1945) as A. ciliaris var. tidmarshii who then suggested that the 
variety was sufficiently different at morphological and geographical levels to warrant 
being raised to species rank as A. tidmarshii. It was also suggested that A. ciliaris 
originated from A. tidmarshii through the multiplication of the former species‟ 
chromosome complement (Muller, 1945). Consequently, a review of the Aloe ciliaris 
- Aloe tidmarshii complex by Brandham and Carter (1990) returned it again to the 
rank of variety. The major contributing factor to the taxonomic restructuring of the 
species is the variation in the level of polyploidy. The majority of aloes are diploids 
(2n = 14) but A. ciliaris is hexaploid (2n = 42) (Muller, 1945; Riley, 1959). Brandham 
& Carter (1990) then found an intermediate non-hybrid tetraploid (2n = 28), which 
prompted them to suggest that the complex be considered as a single species with the 
varieties being designated according to the differing ploidy levels. 
 
Aloiampelos ciliaris is scandent and forms much-branched, tangled shrubs with 
masses of semi-woody stems. The shrubs are supported by surrounding vegetation 
(Klopper & Smith, 2010; Van Wyk & Smith, 2003; Jeppe, 1969). The stems are up to 
5 m long, slender and sarmentose. Leaves are usually only present on the terminal 
portions of the stems (Klopper & Smith, 2010; Van Wyk & Smith, 2003; Reynolds, 
1969). The leaves are cauline dispersed, spreading to recurved. They are green with 
no spots and linear-lanceolate in shape. The length ranges between 7 and 15cm and a 
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width of between 1.3 and 2.5 cm. The leaf sheath is green, lineate and distinctly 
auriculate. Sheath lengths measure from 5 to 15 mm long. The upper surface of the 
leaf is flat to slightly canaliculated, with the lower surface being convex. Leaf 
margins are adorned with firm, white, cartilaginous teeth that are roughly 1 mm long 
and are spaced some 3 mm apart (Klopper & Smith, 2010). The teeth are narrowly 
deltoid and become smaller further up the leaf, finally becoming obsolescent (Jeppe, 
1969; Reynolds, 1969). The inflorescence is usually a simple, unbranched, broadly 
cylindric raceme, sometimes with a short branch. The raceme rises laterally 
approximately 10cm below the apical leaves (Reynolds, 1969). Racemes are between 
8 and 15 cm long, and are lax or dense depending on the variety (Table 2). The 
peduncle is between 12 and 15 cm long and biconvex at the base. There are a few 
scattered sterile bracts on the peduncle that are deltoid-subulate and approximately 5 
mm long (Reynolds, 1969). The floral bracts are white, scarious, ovate-acuminate, 
and tri-nerved (Reynolds, 1969). They are 1 to 2 mm wide and 2 to 5 mm long, 
depending on the variety. Pedicel length varies amongst the varieties, but ranges from 
3 to 8 mm. The perianth is bright red with yellowish-green tips, with petals that are 
slightly club-shaped or cylindric and enlarging slightly towards the mouth. The outer 
segments of the perianth are free for 6 mm and obscurely tri-nerved, the nerves being 
a dull green colour. The inner segments are free (Reynolds, 1969). The filaments are 
filiform-flattened with exserted stamens and styles (Reynolds, 1969). Table 2 gives 
the lengths of the perianth, stamens and styles as these differ between the varieties 
(Klopper & Smith, 2010). The open flowers are arranged in a cernuous to sub-
pendulous manner, whereas the buds tend to be horizontally arranged on the peduncle 
(Reynolds, 1969). The ovary is pale green with 6 grooves, 4 mm long and 2 mm wide. 
The oblong capsule is approximately 18 mm long and 9 mm in diameter at the widest 
part (Reynolds, 1969). This species flowers throughout the year (Klopper & Smith, 
2010). It is found in dry thicket from sea level to 600 m above sea level. In terms of 
conservation status, A. ciliaris var. ciliaris and A. ciliaris var. tidmarshii are classified 
as being of „Least Concern‟ but A. ciliaris var. redacta is listed as „Vulnerable‟ due to 
habitat degradation and loss (Klopper & Smith, 2010).  
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Figure 2: Differences in the leaf bases and cilia on the fringing leaf sheaths of the 
three varieties – A (var. ciliaris), B (var. redacta) and C (var. tidmarshii) (Drawn by 
Mark Fothergill in Brandham & Carter, 1990). 
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Table 2 summarises the morphological and cytological differences between the three varieties. Cilia length is the character that differs between the three varieties. 
Table 2: Morphological and cytological differences between the three varieties of A. ciliaris (Klopper & Smith, 2010, Brandham & Carter, 1990).  
Variety 
Stem Leaves Racemes 
Floral bract 
length 
Pedicels length Perianth length 
Stamen 
length 
Style length 
 
 
Level of ploidy 
ciliaris 
Length: up to 5m. 
Leaves only on 
terminal portion. 
Length: 10-15cm 
Width: 1.5-2.5cm. 
Sheath: obscurely 
lineate; distinctly 
auriculate with 
ciliate margin. Cilia 
length:  2–4 mm. 
Dense 4–5 mm 5-8 mm 28 – 35 mm 2-4 mm 3-4 mm 
Hexaploid (2n = 42) 
redacta  
Length: up to 3m. 
Leaves only on 
terminal portion. 
Length: 7–11 cm. 
Width: ca. 1.3 cm. 
Sheath: obscurely 
lineate, minutely 
auriculate with 
ciliate margin. Cilia 
length: 1–2 mm. 
Lax 4–5 mm 3-5mm 21- 25 mm   
Tetraploid (2n = 28) 
tidmarshii 
Length: 2-3m. 
Leaves on most of 
length of stem. 
Length: 7–10 cm. 
Width: 1.5–2.0 cm. 
Sheath: distinctly 
lineate, slightly 
auriculate with 
minutely ciliate 
margin. Cilia length: 
>1 mm. 
Lax 3-4 mm 3-4 mm 16 – 23 mm 1 mm 2-3 mm 
Diploid (2n = 14) 
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2.5.2. Aloiampelos tenuior (Haw.) Klopper & Gideon.F.Sm. 
 
This species, also known as the “fence aloe” or “heuningaalwyn” (Grace et al., 2011) 
forms untidy, much branched, and tangled shrubs of between 1 and 3m tall (Glen & 
Hardy, 2000). Its large rootstock is one characteristic to consider when distinguishing 
it from other species in the genus. It also has obscurely lined sheaths that are not 
ciliate as in A. ciliaris (Van Wyk & Smith, 2003; Klopper & Smith, 2010). The 
epithet “tenuior” means “thin” or “attenuate” and makes reference to the slender 
branches (Van Wyk & Smith, 2003; Jeppe, 1969). The species is commonly used in 
garden landscaping due to its free-flowering nature and the masses of yellow or red 
flowers that it produces when in cultivation (Van Wyk & Smith, 2003). A. tenuior is a 
very variable species with some authors recognising varieties and others using only 
the species level. In their paper on Eastern Cape aloes, Klopper & Smith (2010) chose 
not to distinguish between the varieties but rather to treat it as a highly variable 
species. Reynolds (1969), Jeppe (1969) and Van Wyk and Smith (2003) recognise 
three varieties - densiflora, rubriflora and decidua. However, Van Wyk and Smith 
(2003) state “These are all best treated as extreme variations of a very variable 
species”. In 2007, Van Jaarsveld described a new variety, A. tenuior var. viridifolia. 
Glen and Hardy (2000) also include var. glaucescens in their FSA account as a 
synonym of A. tenuior, but according to Reynolds (1969), the specimens of A. tenuior 
var. glaucescens collected at the type locality of the Kei River are not sufficiently 
different from the other varieties of A. tenuior to merit the assignment of this varietal 
rank. It is clear from the literature (and the lack of consensus amongst taxonomists) 
that additional morphological, molecular and genetic research into the relationships 
between these varieties (if they are indeed varieties) will be crucial for an accurate 
understanding of the taxonomy this variable species.  
 
Aloiampelos tenuior is a very popular aloe in many gardens. While the yellow- and 
red-flowered forms are common, the orange-flowered form, which used to be very 
common in cultivation 20-30 years ago, has virtually disappeared from cultivation 
(Smith, G.F., pers.comm.).  
 
Aloiampelos tenuior forms straggly bushes in the absence of surrounding vegetation. 
When growing amongst bushes the surrounding vegetation supports the long stems.  
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The untidy bushes are evergreen (Reynolds, 1969; Jeppe, 1969). The rootstock is 30 
to 60 cm in length. The lower portion is broad and sub-tuberous while the upper 
portion sub-woody (Reynolds, 1969). The stems are slender and sarmentose, 1 to 3 m 
long and 10 to15 mm diameter. The stems are erectly spreading to recurved and 
decumbent in the absence of supporting vegetation. They lack persistent dried leaves 
and only the terminal portion of the stem is foliate (Reynolds, 1969; Jeppe, 1969; 
Klopper & Smith, 2010). The leaves form a lax terminal rosette. They are cauline 
dispersed and erectly spreading. The shape is linear-lanceolate, thin to slightly fleshy, 
glabrous, and with no spots. They measure 10 to 15 cm long and 1 to 1.5 cm wide. 
The colour of the leaves is dull or glaucous green. The leaves are basally sheathed, 
with the sheath being 0.5 cm to 2.5 cm long and obscurely green-lineate but not 
auriculate. The margins are sometimes entire but usually have a white cartilaginous 
edge and minute white teeth up to 0.5 mm long and spaced between 1 and 2 mm 
apart. The teeth become gradually smaller higher up on the leaf (Reynolds, 1969; 
Jeppe 1969; Klopper & Smith, 2010). The inflorescence is a sub-laxly flowered 
cylindric raceme, 10 to 16 cm long and 4 cm in diameter. The peduncle is green, 10 to 
20 cm long and 3 to 5 cm in diameter and simple or with 1 or 2 short branches 
(Reynolds, 1969; Jeppe, 1969). The peduncles and racemes are therefore of more or 
less the same length. The peduncle is either nude or has up to four sterile bracts that 
are scarious, thin, acuminate and scattered. The bracts are 6 mm long and 5 to 7-
nerved. The open flowers are 5 to 10 mm apart, and either horizontally arranged or 
spreading slightly downwards. The bracts are scarious, narrowly linear-deltoid and 
acuminate. The pedicels are very slender and become gradually shorter upwards. The 
longest, lower pedicels are 3 to 5 mm long. The perianth is 11 to 14 cm long and 
cylindric, slightly narrowed above the ovary but widening towards the mouth 
(Klopper & Smith, 2010). It may be yellow, orange or red with yellow tips (Reynolds, 
1969; Jeppe, 1969; Klopper & Smith, 2010). The connate, outer segments are 
obscurely tri-nerved whereas the free, inner segments have three congested nerves 
that form a slight keel. The keel is pale yellow turning orange at the apex. The 
filaments are yellow and flattened. The three inner filaments are narrower and longer 
than the three outer filaments. The anthers are exserted by 4 to 6 mm. The filiform 
style is yellower than the filaments. The stigma is exserted by 4 to 6 mm. The ovary is 
yellow, finely 6-grooved, 3 mm long and 1.5 mm in diameter. The capsule is 13mm 
long and 7mm in diameter (Reynolds, 1969). As in A. ciliaris, this species flowers 
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throughout the year (if there are no varieties; flowering times for the proposed 
varieties are given in Table 3). This species grows in open country and rarely in 
thicket, preferring sandy soil (Klopper & Smith, 2010). In terms of conservation 
status it is considered to be of “Least Concern” (Klopper & Smith, 2010). 
The five varieties of A. tenuior differ in leaf characters, growth form and flowering 
time (Table 3). Variety rubriflora is also the only variety which has red flowers. 
 
Table 3: Differences among varieties of Aloiampelos tenuior Haw. (Reynolds, 1969; 
Jeppe, 1969; Van Jaarsveld, 2007). 
 
Variety Distinguishing characters 
densiflora  Small (45-70cm tall). Scandent. Leaves glaucous. Yellow 
flowers. More densely-flowered racemes. Flowers in Autumn 
(May). 
rubriflora  Largest (up to 2m tall). Scandent. Leaves glaucous. Flowers 
red with yellow tips. Perianth segments shorter. Peduncles & 
racemes longer. Flowers in Summer (January – February). 
decidua  Shorter (30-60cm) and more branched with rigid erect stems. 
Non-scandent. Yellow flowers. Peduncle twice as long as 
raceme. Leaves more glaucous and arcuate-erect. Flowers in 
Summer (January – February). 
viridifolia  Smallest (up to 50cm). Glossy green leaves with entire 
margins (no teeth). Yellow flowers. Flowers in Winter (June – 
July). 
tenuior Up to 1m tall. Leaves glaucous. Yellow flowers. Flowers in 
Spring/Summer (October – January). 
 
2.5.3. Aloiampelos gracilis (Haw.) Klopper & Gideon.F.Sm. 
This species is shrubby, with erect stems that branch at ground level (Reynolds, 
1969). Common names include “rankaalwyn” and “scrambling aloe” (Grace et al., 
2011). A. striatula appears to be its nearest relative, having similar stems and growth 
habit. A. gracilis differs from the former in its sparse racemes of large red flowers and 
its leaf internodes that are not distinctly striated. The flowers are similar to A. ciliaris 
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but A. gracilis lacks the ciliated sheathing leaf bases and also has erect rather than 
recurved leaves (Reynolds, 1969; Van Wyk & Smith, 2008). The epithet means 
“slender” in Latin, referring to the thin stems (Glen & Hardy, 2000). The only variety 
to be described, A. gracilis var. decumbens, differed from the typical form in being 
less robust and having a sprawling rather than erect growth habit (Van Wyk & Smith, 
2008). It has since been elevated to species rank as A. decumbens (Van Jaarsveld, 
2008). A. gracilis is sometimes used in landscaping but it is one of the most 
challenging of the series to keep in cultivation (Klopper & Smith, 2010).  
 
Aloiampelos gracilis grows to a maximum height of 2 m (Reynolds, 1969; Glen & 
Hardy, 2000). The stems are erect, approximately 2 cm in diameter, with only the 
terminal portion (30-60 cm) foliate. The internodes have faint, pale green striations 
and are up to 15 mm long (Reynolds, 1969; Van Wyk & Smith, 2003). The leaves are 
dull green, narrowly lanceolate, slightly channelled and horizontally spreading, up to 
25 cm long and 25 mm wide.  They are not auriculate and the dried leaves are not 
persistent. The leaf margins are slightly cartilaginous and armed with firm, white teeth 
up to 1mm long, 2 to 5 mm apart, crowded on the lower part of the leaf but becoming 
obsolescent near the apex (Reynolds, 1969; Glen & Hardy, 2000; Klopper & Smith, 
2010). The inflorescence is a simple, subdense, cylindric, raceme 200 to 400 mm long 
and may be branched. The raceme is sub-laxly flowered with 20 to 30 flowers; the 
flowers becoming pendulous at length. The peduncle is laterally compressed with a 
few sterile bracts. The bracts are narrowly deltoid-acuminate, 5 mm long and 2 to 
3mm wide, and 1 to 3 nerved. The flowers are cylindric, scarlet, yellowish at the 
mouth, 25 to 26 mm long. The outer segments are free for between 6 and 12 mm 
whereas the inner segments are free. The pedicels are 6 to 9 mm long. The filaments 
are yellow, filiform-flattened, with the inner three filaments narrower and longer than 
the outer three. The anthers are either included or exserted by 1 to 2 mm. The stigma 
is either included or exserted by 1 to 2 mm after pollination. The ovary is 5 mm long 
and between 2 and 5 mm in diameter in the middle. The fruit is almost black, 22 by 9 
mm (Reynolds, 1969; Glen & Hardy, 2000). This species flowers from May to July 
(Van Wyk & Smith, 2003). Aloiampelos gracilis occurs on partly shaded slopes in 
thicket in the Port Elizabeth and Joubertina areas, Eastern Cape from 100 to 1000 m 
above sea level (Van Wyk & Smith, 2003; Klopper & Smith, 2010). Its conservation 
status is listed as being of “Least Concern” (Klopper & Smith, 2010). 
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2.5.4. Aloiampelos striatula (Haw.) Klopper & Gideon.F.Sm. 
A. striatula is the most robust of the rambling aloes and forms large, rounded shrubs 
up to 2m high (Van Wyk & Smith, 2003; Klopper & Smith, 2010). A. striatula var. 
caesia was named by Reynolds in 1936 in the Flowering Plants of Africa to 
accommodate plants which differ in leaf colour and foral charactaristics (Glen & 
Hardy, 2000). The differences between the two varieties are tabulated in Table 4. The 
epithet “caesia” means “blue-grey” and refers to the leaves of the variety which are 
more glaucous than in the typical variety (Glen & Hardy, 2000). Common names 
include “lekhala” and “mohalakane” for A. striatula var. caesia and “heiningaalwyn” 
for A. striatula var. striatula (Grace et al., 2011). This species is distinguished from 
the others in the genus by its dark green, glossy, recurved leaves and distinctly green-
lined leaf sheaths. The epithet aptly refers to these lineated leaf-sheaths, and the 
striations can be used to identify the species in dried specimens as they remain visible 
as brown longitudinal stripes (Glen & Hardy, 2000). The racemes of var. striatula are 
also relatively dense, with slightly curved reddish-orange flowers that clasp the 
peduncle (Van Wyk & Smith, 2003; Klopper & Smith, 2010). An unusual trait in this 
species is that a large number of the leaves die back to form a thin, shrivelled portion 
on the stem. This normally occurs in response to cold temperatures, but in some forms 
of A. striatula it occurs throughout the year (Klopper & Smith, 2010). A. striatula is 
useful in cultivation, but predominantly for its foliage rather than flowers, as many of 
the cultivated forms do not flower regularly. It can also tolerate very low 
temperatures, another trait which makes it desirable for use in cultivation on South 
Africa‟s Highveld (Van Wyk & Smith, 2003). 
 
This species forms a robust, much-branched shrub, up to 2m tall and several metres 
wide (Reynolds, 1969; Glen & Hardy, 2000; Van Wyk & Smith, 2003; Klopper & 
Smith, 2010). The stems are erect, approximately 20 mm in diameter, with leaves for 
most of their length. The dried leaves are not persistent on the stem (Van Wyk & 
Smith, 2003; Klopper & Smith, 2010). The leaves are cauline dispersed, without 
spots, linear-lanceolate, acuminate, and deeply channelled. They measure up to 25 cm 
long and up to 2.5 cm wide at base. The leaves are spreading to recurved but not 
auriculate. The leaf sheaths are up to 20 mm long and prominently green-lined. The 
margin is narrow, cartilaginous and armed with firm, white, deltoid teeth 
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approximately 1 mm long and 3 to 8 mm apart. The teeth are more crowded near the 
base of the leaf (Reynolds, 1969; Glen & Hardy, 2000; Van Wyk & Smith, 2003; 
Klopper & Smith, 2010). The inflorescence is erect, simple, up to 0.4 m high. It rises 
laterally from near the apex of the branches with dense, cylindric-conic racemes of 10 
to 15 cm long. The floral bracts are up to 2 mm long and approximately 2 mm wide. 
The pedicels are 3 to 5 mm long. The bracts are deltoid-subulate, thin, scarious, 3 to 5 
nerved and 1.5 to 2.5 mm long. The perianth colour, flower length and flowering time 
differs in the two varieties (Table 4). The perianth is slightly narrowed above the 
ovary then enlarging towards the mouth. The outer segments are free almost to the 
base and the inner segments are free with a keel formed by three congested, greenish 
nerves. The stamens are exserted to 5 mm. The style is exserted by 5 to 7 mm and 
remains exserted once the perianth dries. The ovary is pale yellow, finely 6-grooved, 
6 mm long and 4.5 mm wide. The fruiting capsule is oblong and measures 18 by 14 
mm (Reynolds, 1969; Glen & Hardy, 2000; Klopper & Smith, 2010). This species 
occurs on mountain tops in the Eastern Cape winter snow belt (Table 4). It grows 
amongst rocks at altitudes of 500 to 2000 m above sea level (Glen & Hardy, 2000; 
Van Wyk & Smith, 2003; Klopper & Smith, 2010). Its conservation status is listed as 
“Least Concern” (Klopper & Smith, 2010). 
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Table 4: Differences between Aloiampelos striatula var. caesia and Aloiampelos 
striatula var. striatula (Glen & Hardy, 2000; Klopper & Smith, 2010). 
 
 A. striatula var. caesia A. striatula var. striatula 
Maximum plant height 2 m 1.75 m 
Leaves Milky green 
10-15 cm long  
1.5-2.5 cm wide 
Semi-glossy green 
 Up to 25 cm long 
Ca. 2.5 cm wide. 
Leaf sheath Obscurely lined  
5-15 mm long 
Prominently lined 
15-20 mm long 
Flowers Yellow with green tips 
30-33 mm long 
Straight 
Buds red 
Flowers reddish-orange to 
orange  
40-45 mm long 
Slightly decurved 
Flowering time November – January October – November 
Distribution Western region of the 
Eastern Cape, area between 
Queenstown, Cradock and 
Middleburg 
Central Eastern Cape, from 
Graaff-Reinet to Lesotho 
with a disjunct distribution 
in the South Eastern Free 
State and Western Lesotho 
 
2.5.5. Aloiampelos commixta (A.Berger) Klopper & Gideon.F.Sm. 
A. commixta, along with A. juddii and A. decumbens, form a related group of species, 
similar in vegetative characteristics that occur in the temperate Fynbos vegetation of 
the Western Cape (Table 5). Aloes are relatively poorly represented in this region, 
particularly in the Sandstone Fynbos in which A. commixta occurs (Van Jaarsveld, 
2008). A. commixta tends to form sprawling, large and robust shrubs. Though 
differing in distribution, it is most closely related to A. striatula but differs from the 
former in its leaves, which are not as strongly recurved. The inflorescence differs in 
many ways – it is less robust and shorter and not as strongly cone-shaped as in A. 
striatula. Also, A. commixta displays clear dispositional differences between the 
upright buds and hanging open flowers. The epithet is derived from the Latin word 
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“commixtus” which means “mixed up”. This is most likely descriptive of the 
intermingling nature of the stems (Van Wyk & Smith, 2003), or the fact that this 
species was previously confused (mixed up) with A. gracilis (Grace et al., 2011). 
Unlike some of the other species in the genus, this species is not used in cultivation as 
it does not grow well outside of its natural habitat (Jeppe, 1969; Van Wyk & Smith, 
2003).  
 
This species forms a shrubby, untidy bush with many erect stems which become 
decumbent (Reynolds, 1969). The stems are approximately 1 m long and 20 to 25 mm 
diameter. The stem is sub-laxly foliate on the apical portion (Reynolds, 1969). The 
leaves are lanceolate-acuminate, erectly spreading, dull green and slightly fleshy. The 
leaves are obscurely lineate, in contrast to the leaves of A. striatula which are clearly 
lineate (Jeppe, 1969). The leaves are approximately 20 cm long and 30 mm wide with 
green-striatulate bases. The upper surface is flat to slightly canaliculate, whereas the 
lower surface is convex and obscurely lineate. There are firm white teeth of 1 to 2 mm 
long approximately 2 to 4 mm apart arming the margins (Reynolds, 1969). The 
inflorescence is simple and between 30 and 35 cm long. The stout peduncle has few 
sterile bracts up to 8mm long and 15mm wide. The sub-capitate raceme is 5 to 7 cm 
long and densely-flowered. The young buds are sub-erect and red, becoming 
horizontally disposed and changing in colour to yellowish-orange to orange as the 
flowers open. The lowest pedicels are about 6 mm long. The ovate-deltoid, acuminate 
bracts are thin and scarious and generally as long as their pedicels. They have a 
prominent median nerve. The perianth is yellow to orange, cylindric-trigonous, and 
has a maximum length of 40 mm. The outer segment may be free either to the middle 
or almost to the base. The upper quarter is faintly 5-nerved. The inner segment is 
slightly longer and broader than the outer segment and free to the base. There are five 
congested nerves that form a definite line. The anthers and stigmas are exserted for 2 
to 4 mm and 5 mm respectively. The ovary is green and finely 6-grooved, measuring 
9 mm in length and 4 mm in diameter (Reynolds, 1969). A. commixta flowers in 
August and September (Reynolds, 1969; Jeppe, 1969). A. commixta is endemic to the 
Cape Peninsula (Western Cape) where it is confined to nutrient poor, acidic, 
sandstone soil (Van Jaarsveld, 2008). It is found from sea level to 200 m above sea 
level (Van Wyk & Smith, 2003). In terms of conservation status it is as listed “Least 
Concern” (Van Wyk & Smith, 2003). 
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2.5.6. Aloiampelos juddii (van Jaarsv.) Klopper & Gideon.F.Sm. 
This species was first discovered on a farm in the Overberg District, Western Cape in 
1994. It was at first thought to be A. commixta but on closer inspection of the flowers 
it was decided it differed sufficiently to warrant species status. Van Jaarsveld (2008) 
subsequently described it as a new species, A. juddii, named after the aloe artist and 
enthusiast Eric Judd. This slow-growing and attractive species is easily propagated 
from stem cuttings and therefore does well in cultivation, particularly in Fynbos 
gardens (Van Jaarsveld, 2008).  
 
Aloiampelos juddii forms erect shrubs up to 600 mm tall and 800 mm diameter, which 
become decumbent with age (Van Jaarsveld, 2008). It re-sprouts from lignotuber at 
the base of the plant after fire. It has a fleshy root, measuring approximately 3 mm in 
diameter (Van Jaarsveld, 2008). The stems are erect to decumbent, and woody at the 
base. They are densely foliate with internodes 15 to 22 mm apart (Van Jaarsveld, 
2008). The succulent leaves are dark green, faintly striate, firm, and coriaceous with 
reddish tips. The leaves form an apical rosette 60 to 90 mm in diameter. They are 
triangular-ovate to lanceolately shaped, 55 to 75 mm long and 15 to 25 mm wide. The 
leaves are decumbent on the stem with denticulate margins. The marginal teeth are 
white, 0.7 to 1 mm long, 1 mm wide, and 1 to 1.5 mm apart (Van Jaarsveld, 2008). 
The inflorescence is simple, erect, 350 to 480 mm long, with slight lateral 
compression at base.  The raceme is cylindrical, 55 to 80 mm long and sub-laxly 
flowered with 15 to 28 flowers. The buds are initially horizontally spreading but 
become pendant. The bracts are angular-acuminate and scarious, with the lower ones 
being smaller. The flowers become pendant and are orange-red with yellowish-green 
buds and apices. The pedicels are 10 to 12 mm long. The perianth is cylindrical-
trigonous, 40 mm long, 8 mm wide and slightly curved. The outer segments are 
connate below for approximately half their length, whereas the inner segments are 
free. The stamens are 32 to 36 mm long. The filaments are white to pale yellow and 
sub-filiform. The anthers are 2 mm long, 1.5 mm wide and included. The pollen is 
yellow. The ovary is cylindrical-globose, 5 mm long, 3 to 4mm wide, and does not 
protrude. The fruiting capsule is ascending-spreading, 16 to 20 mm long and 8 mm 
wide. The seeds are blackish-grey, angular and flattened (Van Jaarsveld, 2008). This 
species flowers in November (Van Jaarsveld, 2008). In terms of habitat and 
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distribution, this species has only been recorded in the Baardskeerdersbos region east 
of Gansbaai, Western Cape. It grows on rocky slopes in Overberg Sandstone Fynbos 
(Mucina & Rutherford, 2006; Van Jaarsveld, 2008). The rocks appear to shelter the 
plants from fire (Groos, pers.comm.). The largest population occurs on Farm 215, a 
nature retreat in the Uilkraal Valley between Stanford and Cape Agulhas in the 
Overberg Region, Western Cape. It is well protected within the Farm 215 reserve. It 
has not yet been assessed for Red Data List status. 
 
2.5.7. Aloiampelos decumbens (Reynolds) Klopper & Gideon.F.Sm. 
 
This species has been the subject of some taxonomic disagreement. Reynolds (1969) 
named it Aloe gracilis var. decumbens but it did not fit well in Aloiampelos gracilis as 
it differs in several respects from typical A. gracilis, which is erect and shrubby with 
larger flowers. A. gracilis also occurs in dry Kouga Sandstone Fynbos in the Kouga 
and Baviaanskloof region, whereas A. decumbens is only recorded in South 
Langeberg Sandstone Fynbos in the Riversdale region (Mucina & Rutherford, 2006). 
Van Wyk & Smith (2003) expressed doubt that variety decumbens would be upheld 
following further investigation and this was confirmed by Glen & Hardy (2000) as 
variety decumbens was moved into A. gracilis. Van Jaarsveld (2008) reappraised the 
taxonomic placement of this species and after further investigation and the discovery 
of distinct differences between typical A. gracilis and variety decumbens, decided to 
raise the variety to species level. The common name for this species is „rankaalwyn‟ 
(Grace et al., 2011). As already discussed, this species is clearly closely related to the 
other Western Cape Fynbos aloes A. commixta and A. juddii (Table 5). A. decumbens 
is a densely foliated, decumbent plant which when grown of cliffs becomes pendant. 
A. decumbens is locally abundant and shares its habitat with typical Fynbos species as 
well as other succulents such as Carpobrotus edulis and Crassula spp. (Van Jaarsveld, 
2008). 
 
Aloiampelos decumbens forms shrubs up to 75 cm tall. It has fleshy roots and re-
sprouts from a lignotuber after fire (Van Jaarsveld, 2008). The stems form slender, 
decumbent branches, up to 1 m long and 10 mm in diameter. The branches are woody 
towards the base but densely foliated for the remaining length. The internodes are 10 
to 25 mm apart (Van Jaarsveld, 2008). The leaf blades are lanceolate-deltoid and 
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acuminate, 90 to 170 mm long and 10 to 20 mm wide. The leaves form an apical 
rosette 65 to 100 mm in diameter. The leaves are firm, coriaceous, succulent, 
ascending and spreading. They are bright green in colour with faint striation and are 
decurrent on the stem. The adaxial surface is channelled, especially towards the stem. 
The leaf margins are denticulate. The teeth are firm and white, 0.7 to 1 mm long, 1 
mm wide, and 1.0 to 1.5 mm apart. The leaf sap dries clear when leaves are damaged 
(Van Jaarsveld, 2008). The simple inflorescence is erect, slightly laterally compressed 
at the base and pruinose. It measures 300 to 420 mm long and 4 to 5 mm in diameter. 
The scape measures 300 to 350 mm by 7 to 9 mm. The bracts are scarious and 
lanceolate-acuminate, with the floral bracts smaller (5 × 2.5 mm) than the lower 
bracts (10 × 4 mm). The racemes are cylindrical, 80 to 160 mm long and sub-laxly 
flowered with 12 to 20 flowers. Both the buds and the flowers are initially spreading, 
becoming pendant. The petals are scarlet with yellowish-green tipped buds. The 
pedicels are 5 to 7 mm long. The perianth is cylindrical-trigonous, slight curved, 28 to 
33 mm long and 5 to 6 mm wide. The outer segments are obtuse to subacute and 
connate for 22 to 24 mm with free apices. The inner segments are free and adnate to 
the outer segments. The stamens consist of sub-filiform, white to pale yellow 
filaments measuring 28 to 33 mm long. The anthers become exserted and measure 2 
by 1 mm. The pollen is yellow. The ovary is cylindrical-globose, tapering, 5 mm long 
and 3 mm wide. The style just protrudes when ripe, 26 to 28 mm long. The fruiting 
capsule is ascending and spreading, measuring 16 to 20 x 8 mm. The seeds are 
blackish-grey, angular and flattened (Van Jaarsveld, 2008). A. decumbens flowers 
throughout the year. This species grows on steep slopes and cliffs in South Langeberg 
Sandstone Fynbos (Mucina & Rutherford, 2006; Van Jaarsveld, 2008). Due to its 
recent rank change, A. decumbens has not yet been assigned a Red Data List category. 
However, Van Wyk & Smith (2003) state that A. gracilis var. decumbens (= A. 
decumbens) is becoming rare in its natural distribution range, placing it in the „Data 
Deficient‟ conservation status category. It can therefore be deduced that A. decumbens 
would not be considered „Least Concern‟ due to its restricted distribution range. 
 
Differences between the three Western Cape rambling aloe species are summarised in 
Table 5.  
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Table 5: Comparison between Aloiampelos commixta, A. juddii and A. decumbens 
(Van Jaarsveld, 2008). 
 
 A. commixta A. juddii A. decumbens 
Habit Shrubby, erect 
(much-branched) 
Shrubby, erect 
(much-branched) 
Decumbent 
(sparsely 
branched) 
Branch diameter 18-25 mm 9-10 mm 8-9 mm 
Leaf shape Narrowly 
Lanceolate-
acuminate 
Triangular-
lanceolate 
Lanceolate-deltoid 
Leaf size 150-200 x 33-42 mm 55-75 x 15-25 mm 90-170 x 10-20 
mm 
Inflorescence size 300-350 mm long 350-480 mm long 300-420 mm long 
Scape diameter at 
base 
15-17 x 10-12 mm 8.5-9 x 5-6 mm 4-5 x 3-4 mm 
Pedicels 4-5 mm long 10-12 mm long 5-7 mm long 
Perianth size & 
colour 
40 mm long; 
yellowish orange, 
yellow when open 
40 mm long; 
orange-red (yellow 
at tip) 
30 mm long; 
scarlet (yellow at 
tip) 
Perianth base & 
segments 
Stipitate (borne on 
tapering receptacle); 
outer segments free 
for half their length 
Not stipitate; outer 
segments free for 
half their length 
Not stipitate; outer 
segments connate 
for most of their 
length 
Racemes Subcapitate, dense, 
50-70 mm long 
Cylindrical, 
sublaxly arranged, 
55-80 mm long 
Cylindrical, 
subacuminate, 80-
160 mm long 
Flowering time August – September November Any time of year 
Habitat 
(vegetation type) 
Peninsula Sandstone 
Fynbos 
Overberg 
Sandstone Fynbos 
South Langeberg 
Sandstone Fynbos 
Geology Peninsula Formation 
(Cape Supergroup) 
Nardouw 
Subgroup (Cape 
Supergroup) 
Peninsula 
Formation (Cape 
Supergroup) 
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Figure 3: Map showing the distribution of Aloiampelos throughout South Africa. 
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3. MORPHOLOGY 
3.1. INTRODUCTION: 
Historically reproductive morphological characters were used to delimit species in 
flowering plants. A classic example of this is Reynold‟s (1969) exhaustive and iconic 
publication on which many authors still base their arrangement of the aloes.  
 
The past two decades have seen an increase in the use of molecular data rather than 
morphological data to reconstruct phylogenies. Wheeler (2008) states that “It is clear 
that, for most of the past century, taxonomy has suffered at the hands of competing 
trends and fashions in biology and that, each time, it has been marginalized, under-
resourced and neglected”. The value of molecular methods is not disputed, but the 
expansion of such methods was at the expense of traditional botany, including floral 
morphology (Ronse De Craene & Wanntorp, 2011). 
 
The study of floral morphology evolved into a major science which peaked in 
popularity in the nineteenth century, particularly in Germany and France. By the end 
of the twentieth century it was well-established and used as a major tool in the 
reconstruction of phylogenies (Ronse De Craene & Wanntorp, 2011). Over the past 
2000 years morphology was used to construct hierarchical classifications and these 
classifications are congruent with many accurate nodes of phylogeny (Patterson et al., 
1993; Scotland et al., 2003). Regardless of its long history, floral morphology remains 
relevant to many plant biology disciplines such as molecular genetics, physiology, 
ecology, evolutionary biology and systematics (Sattler & Rutishauser, 1997). 
 
Morphological and molecular methods each have their advantages. Molecular 
methods are advantageous in terms of the size of the data set, due to all the heritable 
information of an organism being encoded in DNA (Hillis, 1987). In terms of 
phylogenetic limits, there are very few morphological characters that are shared 
among major groups of organisms. In contrast, molecular data can provide a more 
extensive phylogenetic record due to the size and diversity in the rates of change of 
different portions of the genome (Hillis, 1987). Though non-heritable variation is an 
issue of both morphological characters and molecular sequences, biomolecular data 
seem to be less affected by environmental influences than morphological data (Hillis, 
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1987).  One of the greatest advantages of morphological methods is their applicability 
to museum specimens. Often poorly known taxa are represented only by type 
specimens in museums or herbaria but the majority of molecular techniques require 
fresh material (Hillis, 1987). Both methods have distinct advantages, therefore studies 
that combine both methods will maximise the content and usefulness of the results 
(Hillis, 1987).  
 
Molecular sequences appear to contribute most significantly in areas where 
morphological data are inconclusive or deficient and are rarely unchallenged when 
competing with morphological data (Patterson et al., 1993). Molecular data are used 
to supplement morphological data (Sattler & Rutishauser, 1997) and combining 
molecular and morphological data generally improves the support of phylogenetic 
trees (Ronse De Craene & Wanntorp, 2011). Systems which are based on 
morphological characters may reflect information that is lacking in a system which 
was based on molecular data (Hillis, 1987; Sattler & Rutishauser, 1997). 
 
Although it‟s inevitable that molecular data will be increasingly used for phylogenetic 
reconstruction, the continued use of morphological data will maximise the usefulness 
of the information resulting from phylogenetic studies. 
 
3.2. MATERIALS & METHODS: 
 
Where possible, fresh material was collected from sites pre-determined by studying 
existing herbarium specimens. Particular attention was paid to Type localities and 
collection was synchronized with each species‟ flowering time. The plant material 
was harvested, pressed and dried according to standard herbarium procedures. 
Voucher specimens were prepared (where fresh material was available) and deposited 
at the Ria Olivier Herbarium (PEU). Voucher numbers are listed in Table 6.  
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Table 6: Voucher specimens deposited at Ria Olivier Herbarium (PEU). 
Species Collector Collector 
number 
Voucher 
number 
Aloiampelos tenuior var. 
viridifolia 
Ex. Hort. E. Van 
Jaarsveld & Voigt 
17823 23015 
Aloiampelos tenuior var. 
rubriflora 
Ex. Hort. E. Van 
Jaarsveld 
19832 23016 
Aloiampelos gracilis K. Ellis 5 23017 
Aloiampelos gracilis K. Ellis 3 23018 
Aloiampelos gracilis K. Ellis 4 23019 
Aloiampelos ciliaris var. 
ciliaris 
K. Ellis 1a 23020 
Aloiampelos ciliaris var. 
ciliaris 
K. Ellis 1b 23021 
Aloiampelos ciliaris var. 
ciliaris 
K. Ellis 1c 23022 
Aloiampelos ciliaris var. 
ciliaris 
K. Ellis 12a 23023 
Aloiampelos ciliaris var. 
ciliaris 
K. Ellis 12b 23024 
Aloiampelos ciliaris var. 
ciliaris 
K. Ellis 12c 23025 
Aloiampelos ciliaris var. 
ciliaris 
K. Ellis 12d 23026 
Aloiampelos ciliaris var. 
tidmarshii 
K. Ellis 11 23027 
Aloiampelos tenuior 
"orange" 
Ex. Hort. N. Crouch s.n. 23028 
 
Due to difficulties in locating specimens in the field, cuttings of all rambling aloe 
species were obtained from Dr Ernst van Jaarsveld of SANBI (Kirstenbosch National 
Botanical Garden) and cultivated. As species flowered, the material was harvested 
and analysed. For those species that did not flower in cultivation, existing herbarium 
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specimens were examined at herbaria (Grahamstown, Pretoria & Cape Town). 
Morphological features such as flower and leaf colour, perianth and pedicel length, 
presence/absence of ciliate leaf bases, leaf length and presence/absence of marginal 
teeth were noted. Digital images of type specimens were also examined on the JSTOR 
Global Plants website (JSTOR, 2011). Specimens were to be comprehensively 
described according to the “Aloes of the World” template (Smith et al., 2008) but due 
to the lack of fresh, flowering/fruiting material as well as the poor quality of the 
material from the herbarium specimens (the flowers especially are usually 
missing/detached from the specimens) this was not possible. Instead, fresh material 
was studied using as many of the characters in the ATWP template as possible and 
observations made on any deviations from published morphological descriptions. 
Table 7 lists the characters used to study the fresh material. No fruit or seeds were 
available for study. Not enough fresh material was available to have sufficient 
measurements to perform statistical analysis on (the sample size was too small) so 
observations were merely made. Observations of the fresh material as well as the 
herbarium specimens were used to compare morphological characteristics to those 
published in the literature. Suggestions were made to the relevant curators for changes 
to specimen determinations, and also suggestions for amendments to species 
descriptions based on characters differing to those in previous morphological 
descriptions. 
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Table 7: Morphological characters measured as part of the morphological study (adapted from the 
Aloes of the World Template). 
Growth habit 
Plant height, excluding inflorescence 
Stem 
 Caulescent or acaulescent? Acaulescent - solitary or suckering? Caulescent - arborescent or 
shrubby? Arborescent - stem single or branched?  
 Stem diameter, orientation 
 Dried leaves: persistent or shred? 
Leaves 
 Condensed rosulate or cauline dispersed? 
 Orientation, colour (both surfaces), markings (spots/lines), surface texture, shape, length & 
width at base, margin colour 
 Sheath: markings, colour, length & fibrousness 
 Marginal teeth: colour, orientation, size, spacing at midpoint of blade 
 Exudate colour (fresh & dried) 
Inflorescence 
 Number of inflorescences per rosette 
 Overall length & orientation 
 Simple or branched?  
o Branched: branches rising above/at/below middle of peduncle 
o Orientation of branches 
o Secondary branching if present 
Peduncle 
 Length & width at base, colour & shape 
 Sterile bracts: number, shape, dimension, colour, consistency & venation 
Raceme 
 Shape, length, width, orientation 
 Densely or laxy flowered (number of flowers in 5cm)? 
 Flower & bud disposition 
Floral bracts 
 Shape, dimensions (length & width at base), colour, consistency, nerves & other markings 
Pedicels  
 Length when flowers open & colour 
Flowers 
 Perianth: colour of open flowers & buds, markings, length, diameter across ovary, shape, 
fusion of segments, shape of segment tips 
 Stamens: shape & colour of filaments. Included or exserted? 
 Pistil: size & colour of ovary, style colour, style included or exserted?  
40 
 
3.3. RESULTS: 
 
Table 8 lists the sources of material studied, with herbarium specimen references 
where applicable. Only the most prominent observations are included in the remarks. 
Where relevant, alternative determinations are suggested in the discussion. 
Alternative determinations will be communicated to the relevant herbaria. Herbarium 
specimens are placed under the taxon name which they were filed under in the various 
herbaria. 
 
Table 8: Morphological observations and remarks on fresh and herbarium material 
studied. 
 
Species Source (collector & collector 
number) 
Remarks 
A. ciliaris var. 
ciliaris 
Fresh: K. Ellis 1 & 12 
Herbarium specimens: PRE: 
Reynolds 1834, 2392 & 3400, 
Wells 2656, Britten 2413, 
Geldenhuys 888, Campher & 
Van Jaarsveld 10211, Long 701, 
Van der Bijl 200, Jacot-
Guillarmod 9753, Fourcade, 
3680, Phillipson 348, Galpin 
3026, Wickens 9, Flanagan 
1326, Scharf 1142. BOLUS: 
Galpin s.n. (BH2648), Flanagan 
1326, s.coll. 24091, Van der 
Merwe 27, MacOwan 298. 
COMPTON: Long 79, Bolus
 NBG1376/02, Hall 243, 
Van Jaarsveld & Sardien 9084, 
Fourcade 3680. GRA: Bennie 
745, Salisbury 26, Dyer 2027, 
Fresh material: All morphological characters 
measured were within the published ranges. 
Herbarium specimens: Leaves and flowers of 
herbarium specimens tended to be variable 
(though still within the published parameters), but 
the cilia length conformed to published 
measurements. 
Jacot-Guillarmod 9753 (PRE): Cilia less than 
1mm which is closer to var. tidmarshii. No 
flowers on sheet. 
Scharf 1142 (PRE): Leaves quite slender and 
cilia 1mm in length. Maximum length of pedicels 
4mm and perianth 20mm. Matches var. tidmarshii 
(Brandham & Carter 1990). 
Long 79 (COMPTON): This specimen was first 
determined as var. tidmarshii, then var. ciliaris. In 
their review, Glen & Hardy did not assign a 
variety. Sheath bases are not visible, but according 
to the perianth and pedicel lengths, var. tidmarshii 
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Britten 840, Long 701, Theron 
276, Leslie 4823, Archibald 
4401, Noel 1438, Burls s.n., 
Jacot-Guillarmod 14376, Wells 
2656, Zhumane P34, Callaghan 
991, Jacot-Guillarmod 9753, 
Schire 1892, Jacot-Guillarmod 
& Brink 47, Lubke s.n., Burrows 
2865, Dold 2414, Ramdhani 
487. JSTOR: Flanagan 1326. 
seems more likely. 
Fourcade 3680 (COMPTON): Leaf bases are 
NOT ciliate. This specimen is also 
morphologically closer to A. gracilis (refer to 
Plate 1).  
 
A. ciliaris var. 
redacta 
Herbarium specimens: PRE: 
Theron 276. BOLUS: Pegler 
1426. GRA: Pegler 1426. 
JSTOR: Wizura 2640. 
Cilia, pedicel and perianth lengths match those 
published for var. redacta (Brandham & Carter, 
1990). 
A. ciliaris var. 
tidmarshii 
Fresh: K. Ellis 11 
Herbarium specimens: PRE: 
Curator Pretoria Bot. Garden 
s.n., Reynolds 1759 & s.n. (PRE 
27130), Archibald 5859, Story 
2374, Steel 969, Schonland 91, 
Britten 5710, Long 1156, 
Theron 1054, Plowes 3167. 
BOLUS: Schonland 1587, 
Reynolds 604/5/6, Bolus 
2689. COMPTON: Hort. 
Kirstenbosch (origin: Reynolds) 
NBG181/43, Van Jaarsveld 
9940. GRA: MacOwan 1140, 
Britten 5610, Long 1156, Barratt 
10, Archibald s.n., Schönland 
1584, Archibald 5859, Burrows 
4032. JSTOR: Schönland 1584 
& 1587. 
Fresh material: All morphological characters 
measured were within the published ranges. 
Herbarium specimens: Key morphological 
features matched those published. The distinctly 
lineated sheaths (Klopper & Smith, 2010) were 
noticeable. 
Archibald 5859 (PRE): Glen & Hardy annotated 
on the sheet “some characters closer to redacta” 
(Glen & Hardy 1991) and some of the cilia are 
slightly bigger than 1mm. 
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A. tenuior (no 
var. given) 
Fresh: N. Crouch ex. Hort – 
“orange tenuior” 
Herbarium specimens: 
COMPTON: Bruyns 6871, 
Thomson 665, Wisura 2443, 
Bokelman s.n., Maguire 674, 
Henderson 1479 & 1539, 
Compton 23361, Simonowtiz 
s.n., Maguire 674. BOLUS: 
Hort. Ross BH24090, Flanagan 
1325, Pegler 138, Kensit
 6390, Reynolds s.n. 
BH24089. GRA: s.coll. A7295, 
MacOwan 1140, Flanagan 1325, 
Benin 731, Rogers 174, 
Tidmarsh 114, Galpin 6897, 
Pegler 138, Dyer 1177, 
Reynolds 1762 & 5442, Barratt 
14, Story 1679, Leslie 4822, 
Archibald 3802, Noel 1524. 
JSTOR: Reynolds 1760 (listed 
as isotype of the “typical” 
tenuior). 
Fresh material: Most morphological characters 
measured were within the published ranges, but as 
with the herbarium specimens, the leaf bases were 
finely ciliate. 
Herbarium specimens: For many of the 
herbarium specimens, the characters or details 
needed to determine the variety were not visible or 
present.  
Thomson 665: The flowers are coral and the 
leaves are denticulate. 
Henderson 1539: It is annotated on the sheet that 
the flowers are “coral red when expanded”. 
A. tenuior var. 
tenuior 
Herbarium specimens: PRE: 
Rudatis 2160, Archibald 3802, 
Wells 2632, Reynolds 1600, 
1760, 1762 & s.n. PRE 38378, 
Van der Bijl 160, Nicholson s.n. 
PRE 38379, Thode 2772, Story 
1679, De Jager s.n. PRE 38337, 
Van Heerden s.n. PRE 38338, 
Meyer 1621, Meyer 4037, Pegler 
138, Acocks 11882, Ranger 45 
Herbarium specimens: Most of the herbarium 
specimens were similar in morphology, with 
slender leaves and inflorescences. Most listed 
flower colour as yellow. The most important 
observation was the presence of minute, but 
definite, cilia on the leaf bases of a number of 
specimens (Thode 2772, Van Heerden s.n. PRE 
38338, Strey 9620, Bayliss 1271, Curator Pretoria 
Bot. Garden s.n., Galpin 8191). These specimens 
matched tenuior on every other aspect. 
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& 54. Flanagan 1325, Curator 
Pretoria Bot. Garden s.n., Strey 
9620, Miller s.n. PRE 5445, 
Verdoorn s.n. PRE 38343, 
Bayliss 1271, Hertzog s.n. PRE 
38339, Nicholas 1567, 
Nicholson s.n. PRE 38385, 
Galpin 8191, Thompson 665, 
Van Eeden  B429, Galpin 2867 
& 6867, Wilkinson s.n. PRE 
38377. COMPTON: Ward-
Hilhorst 534. 
Ranger 45: This specimen had a very long 
peduncle (twice as long as the raceme). 
Story 1679: The annotation on the specimen was 
“Peduncle twice as long as raceme. Det. as var. 
decidua”.  
Thomson 665: A duplicate of this specimen is 
stored as A. tenuior (no variety) at Compton. This 
sheet also states the flowers are coral.  
 
A. tenuior var. 
densiflora 
Herbarium specimens: PRE: 
Reynolds 2390 & 5442, Hertzog 
s.n. PRE 38344, Phillipson 767. 
BOLUS: Leighton s.n. 
BH24088, Reynolds 5442. 
COMPTON: Van Jaarsveld 
10027, Wisura 2443, Compton 
23361. GRA: Noel s.n. Rhodes 
10407, Jacot-Guillarmod 4193, 
Archibald 5823. JSTOR: 
Reynolds 2390. 
Herbarium specimens: Most of the herbarium 
specimens were similar in morphology, with 
densely flowered racemes and minutely 
denticulate leaf margins. As with var. tenuior, 
minute cilia were present on the leaf bases of a 
number of specimens (Van Jaarsveld 10027 & 
Compton 23361). 
A. tenuior var. 
decidua 
Herbarium specimens: PRE: 
Reynolds 1760 & 1761. 
BOLUS: Reynolds 1760, 1761 
& 1762. COMPTON: Maguire 
674. JSTOR: Reynolds 1760. 
Herbarium specimens: Most of the herbarium 
specimens were similar in morphology. Minute 
cilia were present on some specimens (Reynolds 
1760 & 1761) and the sheathing sections of the 
stem were distinctly striated (Plate 3). 
A. tenuior var. 
rubriflora 
Fresh: E. v Jaarsveld 19832 
(cultivated) 
Herbarium specimens: PRE: 
Reynolds 1750 & 1753. 
BOLUS: Reynolds 137. GRA: 
Fresh material: All morphological characters 
measured were within the published ranges. In 
contrast to the herbarium specimens, no cilia were 
present on the leaf bases. 
Herbarium specimens: Key morphological 
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Pegler 1170. JSTOR: Reynolds 
1750. 
features matched those published, with all 
specimens having red flowers. As with var. 
decidua, minute cilia were present on some 
specimens (Reynolds 1750 & 1753) and the 
sheathing sections of the stem were striated (Plate 
4). 
Reynolds 1750: Three sheets were present for this 
specimen and one sheet bore a specimen with a 
branched inflorescence with the annotation “rare”. 
Reynolds 137: The leaf margins appeared entire. 
A. tenuior var. 
viridifolia 
Fresh: E. v Jaarsveld & Voigt 
17823 (cultivated) 
Herbarium specimens: None 
available. 
Fresh material: Most morphological characters 
measured were within the published ranges. The 
margins of this specimen were entire and the 
inflorescence was branched. Leaf dimensions 
were slightly smaller than the published 
description. As with some of the other tenuior 
varieties, there were minute cilia on the leaf bases.  
A. gracilis Fresh: K. Ellis 3 -10 
Herbarium specimens: PRE: 
Wisura 2431, Marloth 13445, 
Garner s.n., Henderson 1634, 
Lewis 5409, Wickens 10, Long 
s.n. PRE 7646, Dahlstrand 3190, 
Paterson 50, Paterson 53, 
Reynolds 4969, Gray 38. 
BOLUS: Van der Merwe
 235, Paterson 31, Grant 
& Blenkiron 24092, Grant & 
Blenkiron 188/27. 
COMPTON: Henderson 1634, 
Wisura 2431. GRA: Paterson 
31a, Dahlstrand 3009. JSTOR: 
Griffiths s.n. 
Fresh material: Most morphological characters 
measured were within the published ranges, with 
the exception of plant height. The average plant 
height was 1.9m, but heights over 4m were 
recorded in one population. These plants were 
rambling down a steep gorge. The erect plants 
were shorter, but still close to 2m in height. Most 
of the specimens were growing erectly rather than 
decumbently. Contrary to published descriptions, 
the persistent leaves were persistent. A few of the 
specimens had a slight red tinge to the leaf 
sheaths, which are usually pale green. 
Herbarium specimens: Key morphological 
features matched those published, with all 
specimens having laxly flowered, conical 
inflorescences with red flowers. The marginal 
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teeth on the leaves were very prominent. 
A. striatula var. 
striatula 
PRE: Du Preez 1764, Jacot-
Guillarmod 4740, Story 4537, 
Werdermann & Oberdieck 1551, 
Reynolds 161, Acocks 1192, 
Becker 126. BOLUS: Pillans 
24085, Fawkes 275/37, Story 
4537, Hort (Bolus) BH24087, 
Acocks 11962, Herre s.n. 
BH24086. COMPTON: Wisura 
1016. GRA: Bolus 644, Story 
4537. JSTOR: MacOwan 1915. 
Herbarium specimens: Key morphological 
features matched those published, with all 
specimens having densely flowered inflorescences 
with drooping flowers, prominent marginal teeth 
and striated leaf sheaths. 
Herre s.n. BH24086: This specimen has yellow 
flowers.  
A. striatula var. 
caesia 
Herbarium specimens: PRE: 
Du Toit 42, Liebenberg 7678, 
Reynolds 1607 & 2199, Theron 
561, Galpin 2620. BOLUS: 
Reynolds 457, 1607 & 2200, 
Ashton 108, Galpin 2620. GRA: 
Galpin 2620, Jacot-Guillarmod 
535. JSTOR: Reynolds 1607. 
Herbarium specimens: Key morphological 
features matched those published, with all 
specimens having yellow flowered inflorescences, 
few, widely spaced marginal teeth and darkly 
striated leaf sheaths. 
Theron 561: Flowers are described as “Flowers 
greenish-yellow turning orange-red when older”. 
Refer to Plate 2. 
A. decumbens Herbarium specimens: PRE: 
Muir s.n. PRE 38381, Muir 
5383. BOLUS: Bruyns 2844, 
Lewis 5409, Esterhuysen 17275. 
COMPTON: Lewis 5409. 
JSTOR: Muir 5383. 
Herbarium specimens: Key morphological 
features matched those published, with all 
specimens having vermilion flowers, slender 
leaves and distinct marginal teeth. 
A. commixta Herbarium specimens: PRE: 
Marloth 3897 & 8977, Rose 
Innes 218, Henderson s.n. NBG 
1800/14. Thode 7923, Pillans 
s.n. PRE 38383. BOLUS: Fair
 7941, Pillans 10001. 
COMPTON: Marloth 8977. 
Herbarium specimens: Key morphological 
features matched those published, with all 
specimens having robust peduncles, conical 
racemes and leaves armed with distinct marginal 
teeth. 
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GRA: Pillans s.n. A7200. 
JSTOR: No type specified. 
A. juddii Herbarium specimens: None 
available. 
 
 
 
3.4. DISCUSSION: 
 
Most of the cultivated material and herbarium specimens studied conformed to 
published descriptions. Key findings and suggestions are discussed below. 
 
A. ciliaris var. ciliaris: 
No new morphological observations were made from the study of both the fresh and 
herbarium material. All morphological characters measured were within the published 
ranges. Some discrepancies in the determinations of some specimens were noted 
though and the following new determinations are suggested: 
 
Jacot-Guillarmod 9753 (PRE): Though the cilia were less than 1mm (which is closer 
to var. tidmarshii), a new determination cannot be made without flowers (perianth 
length is needed to key out varieties redacta and tidmarshii). Therefore the original 
determination is upheld. 
 
Scharf 1142 (PRE): The slender leaves as well as cilia, pedicel and perianth length 
result in this specimen determined as A. ciliaris var. tidmarshii. 
 
Long 79 (COMPTON): An accurate determination cannot be made without seeing the 
cilia length. It is likely to be A. ciliaris var. tidmarshii. 
 
Fourcade 3680 (COMPTON): This specimen does not have ciliate leaf bases and is 
morphologically closer to A. gracilis. The vague collection locality makes 
determination difficult (no grid reference is given, and there are localities called 
Ferndale in the Western and Eastern Cape as well as Gauteng). It could also have 
been cultivated in a garden, but this species is notoriously difficult to cultivate 
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(Klopper & Smith, 2010). However, the lack of ciliate leaf bases and the similarity in 
morphology suggests a new determination as A. gracilis. 
 
A. ciliaris var. tidmarshii 
No new morphological observations were made from the study of both the fresh and 
herbarium material. The following new determinations are however suggested: 
 
Archibald 5859 (PRE): Though this specimen does seem to be somewhat intermediate 
between vars. redacta and tidmarshii, due to the collection locality (Alexandria, 
Eastern Cape) this original determination of var. tidmarshii is upheld. 
 
A. tenuior (no var. given) 
For the „orange‟ tenuior, the leaf bases were finely ciliate. See discussion below under 
var. tenuior. For the other specimens, no new morphological observations were made 
from the study of both the fresh and herbarium material. The following new 
determinations are however suggested: 
 
Thomson 665: Var. rubriflora is the only variety with orange-red flowers, so this is 
determined as A. tenuior var. rubriflora.  
 
Henderson 1539: As with Thomson 665, this is determined as A. tenuior var. 
rubriflora. 
 
A. tenuior var. tenuior 
Due to the number of specimens exhibiting cilia on the leaf bases and the fact that the 
specimens matched A. tenuior morphologically in other aspects (and therefore could 
not have been mis-identified as A. ciliaris), it appears that this characteristic was 
simply overlooked during earlier descriptions of the species. The ciliate leaf bases are 
used as the first character to key out the species in Aloiampelos (Reynolds, 1969; 
Klopper & Smith, 2010) and are therefore an important character. Descriptions and 
keys should therefore be updated to reflect the occasional presence of minute cilia of 
the leaf bases of A. tenuior var. tenuior. The following new determinations are also 
suggested: 
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Ranger 45: Peduncles twice as long as the raceme are indicative of A. tenuior var. 
decidua, therefore this is determined as the afore-mentioned species. 
 
Story 1679: As with Ranger 45, this specimen is determined as A. tenuior var. 
decidua. 
 
Thomson 665: As stated in the previous section, this specimen is determined as A. 
tenuior var. rubriflora. 
 
A. tenuior var. densiflora 
As with var. tenuior, descriptions and keys should be updated to reflect the occasional 
presence of minute cilia of the leaf bases.  
 
A. tenuior var. decidua 
As with var. tenuior, descriptions and keys should be updated to reflect the occasional 
presence of minute cilia of the leaf bases. In terms of the striated sheaths, various 
descriptions of var. decidua make no mention is made of the distinctly striated 
sheaths, only that the „typical‟ tenuior has obscurely lineated sheaths (Reynolds, 
1969; Glen & Hardy, 2000; Van Jaarsveld, 2007). This character could therefore be 
included in the species description of A. tenuior var. decidua. 
 
A. tenuior var. rubriflora 
For the fresh material, all morphological characters measured were within the 
published ranges and no cilia were present on the leaf bases. For the herbarium 
specimens, as with var. decidua, descriptions and keys should be updated to reflect 
the occasional presence of minute cilia of the leaf bases and the striated sheaths. The 
rare branched inflorescence and the entire leaf margin of Reynolds 1750 and 137 
specimens are merely observations; no changes are suggested. 
 
A. tenuior var. viridifolia 
Only fresh material was studied for this variety. In terms of the entire margins, a lack 
of marginal teeth is the defining characteristic of this species (Van Jaarsveld, 2007). 
The inflorescence was branched and while this is rare (Van Jaarsveld, 2007), it does 
occur. The smaller leaves may have been a result of this specimen being cultivated 
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and may have been prematurely harvested (before the plant had reached maturity). As 
with var. tenuior, descriptions and keys should be updated to reflect the occasional 
presence of minute cilia of the leaf bases. 
 
A. gracilis 
The very tall specimens were rambling down a steep gorge in the Van Staden‟s 
Wildflower Reserve, growing under a thick canopy of vegetation in the shade. 
Perhaps the plants were longer (taller) in response to a need for access to sunlight 
outside of the thick canopy cover. In terms of the presence of persistent leaves, A. 
gracilis is described as shedding its dried leaves (Klopper & Smith, 2010). Therefore 
this character should be changed in future species descriptions. The red tinge on 
sheaths could be a stress reaction by the plants. Anthocyanins are pigments derived 
flavonoids which give red, blue and purple colouration to various plant tissues. The 
pigments may be either developmentally or environmentally transient in response to 
changes in photoperiod or temperature (Chalker-Scott, 1999), which may explain the 
red colouration. No changes are suggested for the herbarium specimens. 
 
A. striatula var. striatula 
No new morphological observations were made from the study of both the fresh and 
herbarium material. Though yellow flowers on Herre‟s specimen would normally 
indicate var. caesia rather than var. striatula, other characteristics (leaf length and 
width) match var. striatula and therefore the original determination is upheld. 
 
A. striatula var. caesia 
No new morphological observations were made from the study of both the fresh and 
herbarium material. Though the flower colour of Theron 561 matches var. striatula, 
the sheath length and more slender leaves result in the original determination being 
upheld. 
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Plate 1: Comparison of Fourcade‟s 
specimen named A. ciliaris to Wisura‟s 
specimen of A. gracilis (both 
photographed at Compton Herbarium). 
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Plate 2: Photograph of Theron 561, showing slender leaves and short internode lengths, 
indicating Aloiampelos striatula var. caesia rather than Aloiampelos striatula var. striatula 
(Photographed at PRE). 
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 Plate 3: Photograph of Aloiampelos tenuior var. 
decidua ( Reynolds 1761) showing lineated sheaths 
(photographed at Bolus Herbarium). 
Plate 4: Photograph of Aloiampelos tenuior var. 
rubriflora Reynolds 137 showing lineated sheaths 
(photographed at Bolus Herbarium). 
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3.5. CONCLUSIONS: 
 
The key finding of this study was undocumented morphological characteristics of 
Aloiampelos tenuior.  The occasional presence of minute cilia on the sheathing leaf bases and 
the distinct lineation of the leaf sheaths of varieties decidua and rubriflora are not 
documented in the literature and should be included in future published keys and 
descriptions. The study of the herbarium specimens also highlighted a number of mis-
identifications. 
 
3.6. Gardening trends – Orange form of A. tenuior 
Aloiampelos tenuior is a very popular aloe in many gardens. While the yellow- and red-
flowered forms are common, the orange-flowered form, which used to be very common in 
cultivation 20 to 30 years ago, has virtually disappeared from cultivation (Smith, G.F., 
pers.comm.). The reasons for this apparent “disappearance” must be further investigated but 
there are some possible explanations.  
 
Gardening trends are constantly changing, so perhaps current trends have selected against 
planting the orange form? Nurseries would only retain stock of the yellow form if the demand 
was for the apparently more popular yellow rather than orange flowered form, eventually 
resulting in the orange flowered stock being discarded. There is also the issue of nurseries 
mis-identifying plants – A. ciliaris var. tidmarshii are sometimes sold as an „orange‟-flowered 
form of A. tenuior because the nursery staff are not aware of the differences between the two 
species which are morphologically very similar. 
 
Flower colour varies enormously in the angiosperms with closely related taxa often 
exhibiting minor differences in the intensity, hue or patterning of the corolla (Rauscher, 
2008). The diversity of flower colour implies numerous evolutionary transitions in terms of 
this character, with many of these transitions reflecting adaptation to novel pollinator regimes 
(Rauscher, 2008). 
 
In the case of orange Aloe tenuior, a possibility is that the orange form was a hybrid between 
the red and yellow forms that eventually reverted to its original colour forms through the 
process of back-crossing or introgression (Riesberg & Wendel, 1993). Riesberg & Wendel 
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(1993) define introgression as “the permanent incorporation of genes from one set of 
differentiated populations into another”. Both morphological and molecular data is used to 
study introgression, but recently molecular data has become more widely used. Reasons for 
this include the availability of molecular markers that detect even rare cases of introgression, 
and the apparent selective neutrality of many of the markers (Riesberg & Wendel, 1993). 
Morphological characters are more problematic in that hybridized taxa often don‟t have many 
differentiating characters and the characters may be developmentally or functionally 
correlated (Riesberg & Wendel, 1993). In the case of orange Aloe tenuior, it is 
morphologically very similar to the typical yellow-flowered form. Leaf material from 
“orange Aloe tenuior” was included in the Aloiampelos DNA sequencing study (refer to 
Chapter 6) but the findings were inconclusive. The study of cryptic characters in the form of 
palynology yielded notable differences between the yellow and orange forms, suggesting that 
“orange” tenuior may be a variety separate to the other Aloiampelos tenuior varieties (refer to 
Chapter 5).  
 
There are various other parameters which may contribute to flower colour. Perceived flower 
colour is the result of the accumulation of anthocyanin pigments in the vacuoles of the cells 
and the amount of anthocyanin can be affected by vacuolar pH, co-pigmentation and shape of 
petal cells (Mol et al., 1998). Noda et al. (1994) report the cells of the inner epidermis of 
wild-type Antirrhinum majus petals are conical whereas the mutant Antirrhinum mixta has 
flattened cells, resulting in a fainter petal colour. Another alternative is that petal colour is a 
result of anthocyanins reacting to changing environmental conditions as this pigment may be 
either developmentally or environmentally transient in response to environmental conditions 
(Chalker-Scott, 1999). Plates 5 and 6 show specimens photographed at a local nursery. These 
were cultivated from cuttings from typical yellow-flowered tenuior, but where the specimens 
were growing along a water-logged fence line the petals took on an orange hue and the leaves 
a reddish tinge. Aloes often show leaf discoloration when under water stress, as root rot can 
occur under waterlogged conditions (Smith & Van Wyk, 2008). 
55 
 
 
 
Plate 5: Typical Aloiampelos tenuior specimens exhibiting orange hued petals and reddish 
leaves due to growing in water-logged soil.  
 
 
Plate 6: Details of the inflorescence of Aloiampelos tenuior, showing clearly orange-tinted 
flowers. 
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Without studying a population of orange tenuior growing in the wild, it is not possible to 
determine if environmental conditions and resulting changes in pigment concentrations are 
the cause of the differences in petal colour. 
 
It remains to be determined whether it occurs in nature in stable, orange-flowering 
populations or if perhaps it still thrives in gardens in other parts of the world. Herbarium 
records of orange-flowered specimens are rare; a voucher specimen exists in the herbarium of 
the Royal Botanic Gardens, Kew (Plate 7). The specimen was prepared from the living 
collection of the Royal Botanic Gardens, Kew and the cultivated material was originally from 
cuttings donated by Reynolds, as detailed on the label of the specimen. 
 
 
 
Plate 7: Image of Reynold‟s “orange tenuior” specimen, housed at the herbarium at the 
Royal Botanic Gardens, Kew (© The Board of Trustees of the Royal Botanic Gardens, Kew. 
Reproduced with the consent of the Royal Botanic Gardens, Kew). 
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In conclusion, many possible explanations exist for the once-popular orange tenuior‟s 
“disappearance”.  To fully understand this phenomenon, and the relatedness of orange tenuior 
to the typical yellow-flowered form, one or more wild populations of orange tenuior, if such 
still exists and can be located, need to be studied.  
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4. HISTORICAL TAXONOMY  
Early Aloe collections 
 
The use of aloes as cosmetics and medicines can be traced back to ancient Egyptian, Roman 
and Greek times. References to aloes also exist in religious texts such as the Bible and the 
Qur‟an (Grace et al., 2011). 
 
Aloes became globally popular in horticulture ca. the 16
th
 century. At this time these 
succulents were fashionable in exotic plant collections kept in Europe, mostly under glass 
(Grace et al., 2011). The earliest known reference to aloes being collected for cultivation 
appears in a journal entry in 1674. It reports that Governor Isbrand Goske returned from 
“Hottentoos Holland” with offshoots of an aloe from an amateur gardener. These offshoots 
were then planted in the Company‟s Garden (Reynolds, 1969). Given the locality, Reynolds 
(1969) speculates that the offshoots were from Aloe arborescens and that this would therefore 
likely have been the first aloe cultivated in the Company‟s Gardens. 
 
Aloes were first depicted in rock engravings (Reynolds, 1969) but the earliest known 
drawings of aloes in Old World documents date back to 1683. Hendrik Claudius, a member 
of Simon van der Stel‟s expedition, produced four aloe drawings. The species depicted were 
Aloe dichotoma, A. variegata, A. melanacantha and A. khamiesensis. Images of the same four 
aloe drawings were reproduced many times by different authors. For example, Leonard 
Plukenet copied Claudius‟s drawings and published them in his Phytographia from 1691-
1705. They were again featured in James Petiver‟s Gazophylacium from 1702-1709 (Gunn & 
Codd, 1981). In terms of literature and descriptions, one of the earliest descriptions of aloes 
published refers to Hendrik Bernard Oldenland‟s “Kruid Boek”. Oldenland was 
superintendent of the Company‟s Garden from 1695 and during this time he created a 
herbarium of Cape plants. Rev. Francois Valentyn, a Dutch East India Company historian, 
published a description of the Cape in 1726 and Oldenland‟s herbarium was included in this 
publication. In the “Kruid Boek” twenty-eight species of aloes are listed, of which one is 
most certainly A. commixta (Reynolds, 1969; Gunn & Codd, 1981). 
A taxonomical description of the rambling aloes (except A. commixta and A. juddii) was first 
published by Haworth in the Philosophical Magazine 66:281 (1825) (Reynolds, 1969). A. 
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commixta was first described by Berger in Das Pflanzenreich 33:260 (1908) (Glen & Hardy, 
2000), while Aloe juddii was first described by Van Jaarsveld (2008).  
 
Aloiampelos ciliaris (= Aloe ciliaris) 
 
Although Reynolds (1969) speculated that Aloe ciliaris (along with other rambling aloes A. 
gracilis, A. tenuior and A. striatula) may have been sighted as early as 1752 by Ensign 
August Frederick Beutler when he travelled from the Cape of Good Hope to the Kei River, 
the first known specimen of this species was collected in 1813 by William John Burchell near 
Port Alfred, Bathurst District, Eastern Cape (Reynolds, 1969). Burchell (1781-1863) is 
considered to be one of the greatest English botanists to have travelled to South Africa. He 
collected approximately 50 000 plant specimens which is considered to be the largest 
collection of African plant specimens amassed by a single person. This plant collection is 
housed at Kew, but duplicates exist in PRE, SAM and GRA (Gunn & Codd, 1981). Burchell 
arrived in the Cape in 1810 and from 1811-1815 he travelled to the interior of South Africa 
covering a distance of approximately 7000 km and traversing through many previously 
unexplored areas (Gunn & Codd, 1981). Though he travelled through many aloe-rich areas he 
does not make many references to the genus in his writings. He did however contribute one 
new species to the genus – Aloe claviflora. Other aloes mentioned in his writings include 
Aloe dichotoma, A. saponaria and A. arborescens (Reynolds, 1969). Burchell published 
“Travels in the Interior of Southern Africa” in two volumes, the first in 1822 and the second 
in 1824 (Reynolds, 1969).  
 
James Bowie (1789-1869) was an English gardener and botanical collector employed by the 
Royal Botanic Gardens, Kew. He arrived in Cape Town in 1816, and on his first journeys 
collected only in the present day Western Cape (Gunn & Codd, 1981). During his third and 
fourth journeys from the Cape of Good Hope during the period 1820-1822, Bowie travelled 
to Uitenhage, Algoa Bay, Grahamstown, Kowie, Bathurst and Graaff-Reneit. He collected 
and cultivated many Aloe species and sent material to Kew, England. During the final 
journeys he collected specimens of Aloe ciliaris (along with other rambling aloe specimens) 
which were sent to England (Reynolds, 1969). Bowie was recalled to England in 1823 but 
returned to the Cape in 1827, from which point his career deteriorated and he eventually died 
in poverty (Gunn & Codd, 1981). 
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Johan Francis Drege (1794-1881), a German horticulturist, botanical collector and traveller, 
arrived at the Cape in 1826. He first collected around Cape Town but from 1826 to 1833 he 
went on many journeys inland to collect plants (Gunn & Codd, 1981). He collected A. ciliaris 
during his travels to Zwartberg, Sundays River, Albany District, Uitenhage and the 
Langkloof (Reynolds, 1969). On returning to Europe in 1834, Drege had amassed a collection 
of about 200 000 specimens, and his specimens are considered to be particularly valuable as 
he kept notes on the environmental features of the collection sites. He discovered many new 
species, for several of which new genera were established; more than 100 of the species are 
named after him (Gunn & Codd, 1981).  
 
Aloe ciliaris is also mentioned in an 1884 letter from Peter MacOwan to Sir William 
Thiselton-Dyer (the then Director of the Royal Botanic Gardens, Kew). MacOwan informed 
Thistleton-Dyer of a number of Aloe species which he was in the process of drying, of which 
A. ciliaris was one (JSTOR, 2011). MacOwan (1830-1909) was an English botanist and 
teacher, who became one of the most important collectors of Cape plants, exchanging 
specimens and duplicates with herbaria all over the world. Once settled in Grahamstown in 
1862, he formed the “South African Botanical Exchange Society” in association with W.G. 
Atherstone. Atherstone was a naturalist and also a member of the Cape Government. The 
society aimed to integrate the scattered collections of amateur collectors in South Africa, and 
also to encourage more collection of plant material (Gunn & Codd, 1981). 
 
Type material for Aloe ciliaris var. tidmarshii was collected by Schönland in 1900 from the 
garden of the Larks Hotel in Grahamstown. Though this was collected from a garden, 
Schönland noted that the plant material was “probably derived from the immediate 
neighbourhood” (Reynolds, 1969). Variety redacta was only described in 1990 when 
Brandham & Carter (1990) reviewed the A. ciliaris complex. In terms of morphology and 
chromosome number, Aloe ciliaris var. redacta is intermediate between varieties ciliaris and 
tidmarshii. The type material was collected by Wisura (the holotype is held at Kew) and 
cultivated at NBG in 1987. Given the locality of Pegler‟s 1907 collection (Qolora Mouth), 
Brandham & Carter (1990) deduced that this was also Aloe ciliaris var. redacta, making this 
the earliest record of the variety.  
 
Aloiampelos tenuior (= Aloe tenuior) 
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Bowie introduced the typical form of A. tenuior to Kew in 1821, though the type locality is 
not known.  Three varieties of A. tenuior were first collected by Reynolds in the Eastern 
Cape:  Aloe tenuior var. rubriflora near Mlengana and Aloe tenuior var. decidua near Alice 
both in 1936, and Aloe tenuior var. densiflora near Breakfast Vlei in 1949 (Reynolds, 1969). 
Aloe tenuior var. viridifolia was more recently described by Ernst van Jaarsveld in 2007. The 
type was collected at Kabouga, Eastern Cape. A rare orange form of A. tenuior exists, which 
used to be common in cultivation. This is discussed in further detail in Chapter 2. The only 
voucher material for this orange form was taken from cuttings of material originally collected 
by Reynolds.  
 
Aloiampelos gracilis (= Aloe gracilis) & A. decumbens (= Aloe decumbens) 
 
Bowie collected the first recorded specimens of A. gracilis from Gamtoos and Uitenhage 
(Eastern Cape) during his 1820-1822 expedition, and cuttings were sent to Kew. Though no 
type material exists, there is a painting of a sterile shoot by Franz Bauer which is housed at 
Kew. In 1830 A. gracilis was listed by Ecklon in his list of plants found in the Uitenhage 
District which was published in the South African Quarterly Journal (Reynolds, 1969). In a 
1909 letter from Schönland to Colonel Prain, Schönland requested cuttings of material 
cultivated at Kew. The material was cultivated from seeds of A. gracilis which were 
presented to Kew by Mr. Armstrong of Port Elizabeth in 1897 (Director's Correspondence, 
2012). A. decumbens was considered a variety of A. gracilis until recently when Van 
Jaarsveld (2008) raised it to species level. The type material of A. decumbens was collected 
by Muir in 1909 on the Kleinberg Summit in the Riversdale area, Western Cape (Reynolds, 
1969). The morphological differences and geographical isolation of the typical form and Aloe 
gracilis var. decumbens prompted Van Jaarsveld (2008) to raise the variety to species level as 
A. decumbens.  
 
Aloiampelos striatula (= Aloe striatula) 
 
Material referable to the typical form of A. striatula was first collected by Burchell at 
Bruintjieshoogte (Eastern Cape) in 1813. Bowie introduced this species to Kew in 1823 
(Reynolds, 1969). As recorded in two letters dated 1902, Schönland sent cuttings of A. 
striatula to both Thistleton-Dyer and Watson at Kew (Director's Correspondence, 2012). 
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Reynolds collected the type material of Aloe striatula var. caesia near Hofmeyr (Eastern 
Cape) which was then cultivated and flowered in 1935 (Reynolds, 1969). 
 
Aloiampelos commixta (= Aloe commixta) 
 
A. commixta has the longest taxonomical history of all the rambling aloes as it is likely to 
have been discovered as early as 1659. An entry in Van Riebeeck‟s journal states that at this 
time the furthest point of the Cape had been explored and it‟s therefore very likely that A. 
commixta was observed (Reynolds, 1969). In 1695 Oldenland was the superintendent of the 
Company‟s Garden and Reynolds (1969) speculated that A. commixta would almost certainly 
have been in cultivation at the time. A figure of A. commixta was published in Commelin‟s 
Praeludia Botanica in 1703 (Reynolds, 1969). As previously mentioned, 28 aloes were listed 
in Oldenland‟s “Kruid Boek” in 1726 and A. commixta was most likely one of these. 
Oldenland gave A. commixta the Latin phrase name “Aloe Africana caulescens, foliis magis 
glaucis caulem amplectibus & in mucronem obtusiorem definentibus”. Linnaeus published 
his first volume of Species Plantarum in 1753. In this publication sixteen varieties of Aloe 
perfoliata were published of which commixta was one (Reynolds, 1969). Though various 
voucher specimens exist for A. commixta, no type is cited (Glen & Hardy, 2000). The oldest 
voucher specimen was collected by Fair near Simonstown in 1904 (Reynolds, 1969). 
 
Aloiampelos juddii (= Aloe juddii) 
 
This aloe has the shortest history of the rambling aloes. It was very recently discovered by 
Maarten Groos on his farm (Farm 215) in the Overberg Region (Western Cape) in 1994. 
Suspecting it was a new species, Groos alerted botanists to the plants. At first it was assumed 
to be A. commixta but the flowers were different and on further investigation it was described 
as a new species. Type material was collected in 2008 by Van Jaarsveld, Nel & Xaba on 
Farm 215 (Van Jaarsveld, 2008). 
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5. PALYNOLOGY 
5.1. INTRODUCTION: 
Palynology is the study of plant spores and pollen grains (Erdtman, 1969). The structure of 
the pollen grain makes it an ideal feature to study. The examination of both ancient and 
recent pollen grains is useful in many scientific fields including taxonomy, evolution (of 
either species or communities) and forensic science (Moore et al., 1991). In addition, the 
tough outer coat of the grain is much more durable than many other biological materials, 
making it invaluable in, inter alia, vegetation history studies (Moore et al., 1991). The exine 
(outer layer of the pollen grain) is often ornamented with ridges, apertures and processes and 
if ultrastructural differences exist among taxa, these may aid in the identification of a species 
to family, genus or even species level (Erdtman, 1969).   
 
Palynology may be a useful diagnostic character to be used in the clarification of infrageneric 
relationships within Aloe s.l. Some studies have focused on single species (Aloe ciliaris by 
Ciampolini, 1988, and Aloe bowiea by Smith & Van Wyk, 1993), but a more recent study by 
Steyn et al. (1998) analysed a broader range of species within the genus by examining the 
pollen grains of 36 species of Aloe. Following the previous generic classification where the 
rambling aloes were still included in the genus Aloe, five members of Ser. Macrifoliae were 
analysed (A. ciliaris, A. tenuior, A. striatula, A. commixta, and the authors followed Reynolds 
classification and retained A. pearsonii in the Series). All species studied by Steyn et al. 
(1998) had more or less elliptical grains of medium size. A. ciliaris was shown to have the 
largest pollen grains, and A. striatula grains were also notably larger than those of the other 
species studied. In general the grains of all the Aloe spp. studied were heteropolar and 
monosulcate with a distal colpus. The tectum was perforate to microreticulate with smooth 
muri. The study prompted the authors to distinguish between three pollen types, based on 
comparison of variations in tectal characters: Albida-type, Dinteri-type and Ciliaris-type. A. 
ciliaris and A. tenuior had Ciliaris-type pollen grains, A. striatula and A. pearsonii Dinteri-
type and A. commixta, Albida-type grains. The authors concluded that variations in pollen 
morphological characters among the majority of species studied were limited, with the 
exception of some incongruencies in the Macrifoliae. Variations in tectal characters and 
pollen grain size amongst the species in this group, along with the fact that all three pollen 
types were represented led to the suggestion that palynology may be a particularly useful 
diagnostic characteristic in this series. It was suggested however that palynological evidence 
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be used in conjunction with other data, such as leaf anatomical or chemical characters (Steyn 
et al., 1998). Some authors feel that investigation of cryptic characters (such as pollen 
characteristics or leaf surface characters) has compounded classification efforts rather than 
clarified them (Treutlein et al., 2003a). 
5.2. MATERIALS & METHODS: 
Pollen grains were harvested from either fresh material or herbarium specimens (refer to 
Table 9 for sources of pollen).  
 
Table 9: Sources of pollen material. 
 
Species Source & collector 
A. ciliaris var. ciliaris Fresh. K. Ellis 1 
A. ciliaris var. tidmarshii Herbarium (PRE). Reynolds 1759 
A. ciliaris var. redacta Herbarium (PRE). Theron 276 
A. tenuior “orange” Fresh. Ex. Hort. N. Crouch 
A. tenuior var. tenuior Fresh. Ex. Hort. E. van Jaarsveld 
A. tenuior var. viridifolia Fresh. E. van Jaarsveld & Voigt 17823 
A. tenuior var. rubriflora Fresh. E. van Jaarsveld 19832 
A. tenuior var. densiflora Herbarium (PRE). Hertzog s.n. PRE38344 
A. tenuior var. decidua Herbarium (PRE). Reynolds 1760 
A. gracilis Fresh. K. Ellis 8 
A. striatula var. striatula Herbarium (PRE). Reynolds 161 
A. striatula var. caesia Herbarium (PRE). Theron 561 
A. commixta Herbarium (PRE). Marloth 8977 
A. decumbens Herbarium (PRE). Muir 5383 
A. juddii Fresh. Ex. Hort. E. van Jaarsveld 
 
Scanning electron microscopy (SEM) is the most common method of examining the external 
morphology of pollen grains (Rowley et al., 1987-1988; Skvarla et al., 1989). A number of 
methods have been developed to prepare pollen for SEM including the most well-known 
method of acetolysis (Erdtman 1966 & 1969). Others include ultrasonication (Lynch & 
Webster, 1975), filtering technique (Bredenkamp & Hamilton-Attwell, 1988) and the osmium 
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tetroxide technique (Smith & Tiedt, 1991). The method of Chuang et al. (1978) is a simple 
method not involving acetolysis and was chosen as it was the method with the fewest number 
of steps, hopefully minimizing the loss of pollen grains during preparation. Methods not 
involving acetolysis are preferable when very small samples of pollen are being studied, as 
there is minimal loss of grains (Smith & Tiedt, 1991). This was important due to the small 
volumes of pollen material available for the study; most pollen was extracted from herbarium 
sheets with very few polleniferous anthers available for removal. 
 
Pollen was prepared using the method of Chuang et al. (1978) with minor modifications. 
Pollen grains from fresh material or whole anthers from herbarium specimens were placed in 
15 ml centrifuge tubes, hydrated with distilled water and left to soak overnight. The samples 
were then transferred into a 70% acetone solution and cleaned ultrasonically with an Integral 
Systems sonicator. The samples were then centrifuged for 1 minute at 25 rpm in a Hettich 
Rotofix 32 centrifuge. Stubs were prepared by mounting glass cover slips onto double sided 
carbon conductive tape. The mounted cover slips were then gold coated in an Emitech 
K575X sputter coater to improve conductivity. The samples were then pipetted onto the glass 
cover slip and coated again before viewing. The SEM facilities in the Centre for High 
Resolution Transmission Electron Microscopy (HRTEM) at NMMU were used for the 
analysis. Samples were viewed using a JEOL JSM-7001F SEM. Micrographs were taken of 
each species (in both distal and proximal views) and also of the surface texture of the pollen 
grain. The length (length of dominant equatorial axis) and width (at widest part of the grain) 
of ten grains per species was measured to compare size differences between species. The 
exine surface pattern was studied by measuring the average diameter of ten muri and ten 
lumina of one pollen grain per species. R script was used to run a Mann–Whitney U test to 
test for significant differences in pollen length, pollen width, muri length and lumina length. 
 
Pollen grains were described using the terminology of Punt et al. (1994). Species-specific 
ordinations were done in CANOCO (Ter Braak & Smilauer, 2002). Pollen grains were then 
placed in the categories suggested by Steyn et al. (1998) for comparative purposes. 
 
5.3. RESULTS: 
 
Plates 8 to 20 show electron micrographs for all species studied. The pollen grains were shed 
as monads but the grains were often stuck together by a sticky residue. In general, all grains 
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were bilaterally symmetrical and elliptical in shape. The sulcus was well-defined, single and 
polar distal. The length of the sulcus was the same as the length of the dominant equatorial 
axis. The tectum was smooth and microreticulate with irregularly shaped lumina. 
 
Pollen was unfortunately not found for A. gracilis or A. decumbens, even after multiple 
attempts at making extra SEM stubs. For these species, there was unfortunately insufficient 
material obtainable from herbarium sheets. 
 
In some of the samples, the sulcus appeared open (A. ciliaris var. redacta, all the varieties of 
A. tenuior except A. tenuior var. decidua, both varieties of A. striatula, A. commixta and A. 
juddii).  
 
Many of the samples (A. ciliaris var. redacta, all the varieties of A. tenuior except A. tenuior 
var. decidua and A. tenuior var. viridifolia, A. striatula var. caesia and A. commixta) were 
also coated with biological material due to the preparation method. 
  
67 
 
A  
B  
C  
Aloiampelos ciliaris var. ciliaris pollen grains were bilaterally symmetrical and elliptical in 
shape. The sulcus was well-defined, single and polar distal. The tectum was smooth and 
microreticulate. The lumina were irregularly shaped with an average dominant length of 
0.5 µm ± 0.1 µm SD. The average muri width was 0.9 µm ± 0.2 µm SD. The grains had an 
average length of 49 µm ± 2.3 µm SD and average width of 24 µm ± 2.9 µm SD. 
 
Plate 8: Pollen of A. ciliaris var. ciliaris 
in distal polar view (A) and proximal 
polar view (B). Details of the exine 
surface pattern are shown in micrograph 
C. Scale bars: 10 µm (A & B) and 1 µm 
(C) respectively. 
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A  
B  
C  
Aloiampelos ciliaris var. tidmarshii pollen grains were bilaterally symmetrical and elliptical 
in shape. The sulcus was well-defined, single and polar distal. The tectum was smooth and 
microreticulate. The lumina were irregularly shaped with an average dominant length of 
0.5 µm ± 0.2 µm SD. The average muri width was 0.7 µm ± 0.3 µm SD. The grains had an 
average length of 36 µm ± 2.3 µm SD and average width of 21 µm ± 1.7µm SD. 
Plate 9: Pollen of A. ciliaris var. 
tidmarshii in distal polar view (A) 
and proximal polar view (B). 
Details of the exine surface 
pattern are shown in micrograph 
C. Scale bars: 10 µm (B) and 1 
µm (A & C) respectively. 
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A  
B  
C  
Aloiampelos ciliaris var. redacta pollen grains were bilaterally symmetrical and elliptical in 
shape. The sulcus was well-defined, single and polar distal. The tectum was smooth and 
microreticulate. The lumina were rounded to irregularly shaped with an average dominant 
length of 0.3 µm ± 0.1 µm SD. The average muri width was 0.3 µm ± 0.1 µm SD. The grains 
had an average length of 52 µm ± 2.5 µm SD and average width of 25 µm ± 1.3 µm SD. 
Plate 10: Pollen of A. ciliaris var. 
redacta in distal polar view (A) and 
proximal polar view (B). Details of the 
exine surface pattern are shown in 
micrograph C. Scale bars: 10 µm (A & 
B) and 1 µm (C) respectively. 
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A  
B  
C  
Aloiampelos tenuior “orange” pollen grains were bilaterally symmetrical and elliptical in 
shape. The sulcus was well-defined, single and polar distal. The tectum was smooth and 
microreticulate. The lumina were irregularly shaped with an average dominant length of 
0.4 µm ± 0.2 µm SD. The average muri width was 1 µm ± 0.3 µm SD. The grains had an 
average length of 35 µm ± 2.3 µm SD and average width of 22 µm ± 1.4 µm SD. 
Plate 11: Pollen of A. tenuior 
“orange” in distal polar view (A) 
and proximal polar view (B). 
Details of the exine surface 
pattern are shown in micrograph 
C. Scale bars: 1 µm. 
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A  
B  
C  
Aloiampelos tenuior var. tenuior pollen grains were bilaterally symmetrical and elliptical in 
shape, tapering on one side. The sulcus was well-defined, single and polar distal. The tectum 
was smooth and microreticulate. The lumina were rounded to irregularly shaped with an 
average dominant length of 0.4 µm ± 0.1 µm SD. The average muri width was 0.4 µm ± 
0.2 µm SD. The grains had an average length of 38 µm ± 2.1 µm SD and average width of 22 
µm ± 1.6 µm SD. 
Plate 12: Pollen of A. tenuior var. 
tenuior in distal polar view (A) 
and proximal polar view (B). 
Details of the exine surface 
pattern are shown in micrograph 
C. Scale bars: 1 µm (A&C) and 
10 µm (B) respectively. 
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Aloiampelos tenuior var. decidua pollen grains were bilaterally symmetrical and elliptical in 
shape. The sulcus was well-defined, single and polar distal. The tectum was smooth and 
microreticulate. The lumina were irregularly shaped with an average dominant length of 
0.3 µm ± 0.1 µm SD. The average muri width was 0.5 µm ± 0.1 µm SD. The grains had an 
average length of 35 µm ± 2.6 µm SD and average width of 18 µm ± 1.1 µm SD. 
Plate 13: Pollen of A. tenuior var. 
decidua in distal polar view (A) 
and proximal polar view (B). 
Details of the exine surface pattern 
are shown in micrograph C. Scale 
bars: 10 µm (A) and 1 µm (B & C) 
respectively. 
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A  
B  
C  
Aloiampelos tenuior var. densiflora pollen grains were bilaterally symmetrical and elliptical 
in shape. The sulcus was well-defined, single and polar distal. The tectum was smooth and 
microreticulate. The lumina were irregularly shaped with an average dominant length of 
0.4 µm ± 0.2 µm SD. The average muri width was 0.5 µm ± 0.2 µm SD. The grains had an 
average length of 42 µm ± 2.2 µm SD and average width of 21 µm ± 2.7 µm SD. 
Plate 14: Pollen of A. tenuior var. 
densiflora in distal polar view (A) 
and proximal polar view (B). 
Details of the exine surface 
pattern are shown in micrograph 
C. Scale bars: 10 µm (A & B) and 
1 µm (C) respectively. 
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A  
B  
C  
Aloiampelos tenuior var. viridifolia pollen grains were bilaterally symmetrical and elliptical 
in shape. The sulcus was well-defined, single and polar distal. The tectum was smooth and 
microreticulate. The lumina were irregularly shaped with an average dominant length of 
0.6 µm ± 0.2 µm SD. The average muri width was 1.3 µm ± 0.3 µm SD. The grains had an 
average length of 40 µm ± 2.2 µm SD and average width of 21 µm ± 2.4 µm SD. 
Plate 15: Pollen of A. tenuior var. 
viridifolia in distal polar view (A) 
and proximal polar view (B). 
Details of the exine surface 
pattern are shown in micrograph 
C. Scale bars: 10 µm (A) and 1 
µm (B & C) respectively. 
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A  
B  
C  
Aloiampelos tenuior var. rubriflora pollen grains were bilaterally symmetrical and elliptical 
in shape. The sulcus was well-defined, single and polar distal. The tectum was smooth and 
microreticulate. The lumina were irregularly shaped with an average dominant length of 
0.3 µm ± 0.1 µm SD. The average muri width was 0.5 µm ± 0.1 µm SD. The grains had an 
average length of 32 µm ± 2.9 µm SD and average width of 20 µm ± 1.6 µm SD. 
Plate 16: Pollen of A. tenuior var. 
rubriflora in distal polar view (A) 
and proximal polar view (B). 
Details of the exine surface 
pattern are shown in micrograph 
C. Scale bars: 1 µm. 
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A  
B  
C  
Aloiampelos striatula var. striatula pollen grains were bilaterally symmetrical and oval to 
elliptical in shape. The sulcus was well-defined, single and polar distal. The tectum was 
smooth and microreticulate. The lumina were rounded to irregularly shaped with an average 
dominant length of 0.4 µm ± 0.1 µm SD. The average muri width was 0.7 µm ± 0.3 µm SD. 
The grains had an average length of 38 µm ± 4.4 µm SD and average width of 24 µm ± 
1.7 µm SD. 
Plate 17: Pollen of A. striatula 
var. striatula in distal polar view 
(A) and proximal polar view (B). 
Details of the exine surface 
pattern are shown in micrograph 
C. Scale bars: 1 µm (A & C) and 
10 µm (B) respectively. 
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A  
B  
C  
Aloiampelos striatula var. ceasia pollen grains were bilaterally symmetrical elliptical in 
shape. The sulcus was well-defined, single and polar distal. The tectum was smooth and 
microreticulate. The lumina were irregularly shaped with an average dominant length of 
0.3 µm ± 0.1 µm SD. The average muri width was 0.4 µm ± 0.1 µm SD. The grains had an 
average length of 45 µm ± 2.0 µm SD and average width of 26 µm ± 2.1 µm SD. 
Plate 18: Pollen of A. striatula var. 
caesia in distal polar view (A) and 
proximal polar view (B). Details of the 
exine surface pattern are shown in 
micrograph C. Scale bars: 10 µm (A & 
B) and 1 µm (C) respectively. 
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A  
B  
C  
Aloiampelos commixta pollen grains were bilaterally symmetrical and elliptical in shape. The 
sulcus was well-defined, single and polar distal. The tectum was smooth and microreticulate. 
The lumina were irregularly shaped with an average dominant length of 0.6 µm ± 0.1 µm SD. 
The average muri width was 0.5 µm ± 0.2 µm SD. The grains had an average length of 37 µm 
± 3.6 µm SD and average width of 21 µm ± 3.0 µm SD. 
Plate 19: Pollen of A. commixta 
in distal polar view (A) and 
proximal polar view (B). Details 
of the exine surface pattern are 
shown in micrograph C. Scale 
bars: 10 µm (A & B) and 1 µm 
(C) respectively. 
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A  
B  
C  
Aloiampelos juddii pollen grains were bilaterally symmetrical and elliptical in shape. The 
sulcus was well-defined, single and polar distal. The tectum was smooth and microreticulate. 
The lumina were irregularly shaped with an average dominant length of 0.8 µm ± 0.3 µm SD. 
The average muri width was 0.5 µm ± 0.1 µm SD. The grains had an average length of 45 µm 
± 3.1 µm SD and average width of 24 µm ± 4.4 µm SD. 
Plate 20: Pollen of A. juddii in 
distal polar view (A) and 
proximal polar view (B). Details 
of the exine surface pattern are 
shown in micrograph C. Scale 
bars: 10 µm. 
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Figure 4: Average pollen grain length for those taxa analysed. Bars represent + 1 standard deviation. Grains of A. ciliaris var. redacta were 
significantly longer than all other species, and all grains were significantly shorter than A. tenuior var. rubriflora. Statistical analyses are 
provided in Appendix A. 
On average the grains were 39.9 µm long (standard deviation ± 5.8 µm), with A. ciliaris var. redacta having the longest grains (average length 
52.3 µm standard deviation ± 2.4 µm). The grains were significantly longer than all other species studied (p < 0.05). A. tenuior var. rubriflora 
had the shortest (average length 31.8 µm standard deviation ± 2.9 µm). The grains were significantly shorter than all other species studied (p < 
0.05). 
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Figure 5: Average pollen grain width for those taxa analysed. Bars represent + 1 standard deviation. Grains of A. striatula var. caesia were significantly 
wider than all species marked “a”. A. tenuior var. decidua grains were significantly narrower than all other species. Statistical analyses are provided in 
Appendix A. 
Average pollen grain length and width are shown in figures 4 and 5 respectively. The average width of the pollen grains was 22.6 µm (standard deviation ± 
2.4 µm), with A. striatula var. caesia having the widest grains (average width 24.6 µm standard deviation ± 2.0 µm). The grains were significantly wider than 
all the A. tenuior varieties and A. ciliaris var. tidmarshii (p < 0.05). .A. tenuior var. decidua had the narrowest (average length 18.1 µm standard deviation ± 
1.1 µm). The grains were significantly narrower than all other species studied (p < 0.05).  
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Figure 6: Average muri length for those taxa analysed. Bars represent + 1 standard deviation. Muri of A. tenuior “orange” were significantly longer than all 
species studied except for A. ciliaris var. redacta. Muri of A. ciliaris var. redacta were significantly shorter than all species marked “a”. Statistical analyses 
are provided in Appendix A. 
Average lumina and muri length are shown in figures 6 and 7 respectively. The average length of the muri was 0.57 µm (standard deviation ± 0.2 µm), with 
A. tenuior “orange” having the longest muri (average length 1.0 µm standard deviation ± 0.3 µm).  The muri were significantly longer than all species studied 
except for A. ciliaris var. redacta (p < 0.05). A. ciliaris var. redacta had the shortest muri (average length 0.4 µm standard deviation ± 0.1 µm). The muri 
were significantly shorter than A. ciliaris var. ciliaris, A. ciliaris var. tidmarshii, A. tenuior var. rubriflora, A. tenuior var. decidua, A. striatula var. striatula 
and A. commixta.  
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Figure 7: Average lumina length for those taxa analysed. Bars represent + 1 standard deviation. The lumina of A. juddii were significantly longer than all 
species studied except for A. tenuior var. viridifolia. The lumina of A. tenuior var. rubriflora were were significantly shorter than all species marked “a”. 
Statistical analyses are provided in Appendix A.  
On average the lumina were 0.44 µm long (standard deviation ± 0.1 µm), with A. juddii having the longest lumina (average length 0.8 µm standard deviation 
± 0.3 µm). The lumina were significantly longer than all species studied except for A. tenuior var. viridifolia (p < 0.05). A. tenuior var. rubriflora had the 
shortest lumina (average length 0.3 µm standard deviation ± 0.1 µm). The lumina were significantly shorter than A. ciliaris var. ciliaris, A. tenuior var. 
densiflora, A. tenuior var. viridifolia, A. tenuior var. tenuior, A. striatula var. striatula and A. juddii (p < 0.05). 
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Figure 8: Ordination of Aloiampelos ciliaris varieties. Cumulative variance of species data = 89.8%. Sum of all eigenvalues = 0.008. 
Ordination of the varieties of A. ciliaris showed that pollen grain length and muri length are useful characters to delimit varieties in this species. 
The three varieties separate clearly with minimal overlap (Figure 8). 
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Figure 9: Ordination of Aloiampelos striatula varieties. Cumulative variance of species data = 95.4%. Sum of all eigenvalues = 0.008. 
 
 
Muri length and pollen grain length were less useful in A. striatula (Figure 9). The two varieties did however separate out but with more overlap 
than was observed in the ordination of A. ciliaris. 
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Figure 10: Ordination of Aloiampelos tenuior varieties. Cumulative variance of species data = 85.3%. Sum of all eigenvalues = 0.008. 
 
 
All the varieties of Aloiampelos tenuior except “orange” tenuior were clustered together in the ordination with extensive overlapping domains 
(Figure 10). “Orange” tenuior clearly separated from the other varieties. 
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The classification of the pollen grains into pollen types according to Steyn et al. (1998) is 
shown in Table 10.  
Table 10: Classification of Aloiampelos pollen grain types according to the categories 
suggested by Steyn et al. (1998). 
Albida-type (lumina 
diameter < 0.5 µm) 
Ciliaris-type (lumina 
diameter 0.5-0.8 µm) 
Dinteri-type (lumina 
diameter 0.8-1 µm) 
A. ciliaris vars. ciliaris, 
redacta & tidmarshii 
A. juddii A. tenuior var. viridifolia 
A. tenuior vars. tenuior, 
decidua, densiflora, 
rubriflora & “orange” 
  
A. striatula vars. striatula & 
caesia 
  
A. commixta   
 
The majority of the pollen fell into the Albida-type category, with A. juddii and A. tenuior 
var. viridifolia falling into the Ciliaris-type and Dinteri-type categories respectively. None of 
the A. ciliaris varieties fell into the Ciliaris-type category. 
5.4. DISCUSSION: 
The pollen of Aloiampelos was similar in terms of size, shape and exine surface patterns to 
those published in studies of Aloe s.l. (including some of the rambling aloes) (Ciampolini,  
1988; Steyn et al., 1998).  
In terms of size, the Aloiampelos pollen was within the published size range (35 µm – 75 µm) 
but all the grains were approximately 15 µm smaller than the grains measured in Steyn et al. 
(1998). The shape of pollen grains (which affects the length) can vary even in grains of the 
same species, and can also be affected by the extraction method and embedding medium used 
during preparation of the pollen for viewing under SEM (Moore et al., 1991). While the 
shape and size of the grain may be useful for identification of species, Moore et al. (1991) 
caution against placing too much emphasis on this character due to the inherent variability of 
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pollen grain shape. The length of the Aloiampelos pollen varied within fairly narrow 
parameters, with all species falling within a range of approximately 30 – 50 µm. Grain width 
was even less variable with widths ranging between 18 – 25 µm.  
The distortion of pollen grains and residues on the grains are common problems encountered 
when preparing samples for SEM (Moore et al., 1991). The open sulcus observed on many of 
the samples may be a result of pollen damage during preparation. Acetolysis may be used to 
reduce the amount of residues persisting on the prepared SEM stubs (Moore et al., 1991) but 
may have other negative effects. Changes in pollen grain volume may be caused by 
harmomegathy which is the mechanism by which the pollen wall either contracts or stretches 
in response to the turgor pressure of the cytoplasm during either rehydration or dehydration 
(Moore et al., 1991; Smith & Tiedt, 1991). The acetolysis method may also affect grain 
volume as it causes dehydrated or collapsed grains to resume their original shape.  Often this 
results in bilaterally symmetrical grains appearing radially symmetrical which in turn affects 
the measurements taken from the equatorial axes. It is therefore possible that grains which 
have been acetolysed may be classified into incorrect symmetry and size classes (Smith & 
Tiedt, 1991). 
In terms of the surface pattern of the exine, the muri and lumina diameters seemed to be 
variable and a problematic character to use to differentiate species. Steyn et al. (1998) 
categorized Aloe s.l. pollen primarily according to dominant lumina diameter. The 
Aloiampelos pollen did not fit into these categories, with none of the varieties of A. ciliaris 
falling in the Ciliaris-type category. Steyn et al. (1998) also places A. tenuior in the Ciliaris-
type category, but in this study all varieties of A. tenuior except for A. tenuior var. viridifolia 
fell into the Albida-type category.  Steyn et al. (1998) placed A. striatula into the Dinteri-type 
category but in this study it fell into the Albida-type category. Aloiampelos commixta was the 
only species to fall into the same category (Albida-type) in both studies. The pollen in the 
afore-mentioned study was prepared by the acetolysis method, which as previously 
mentioned may have affected the grain size measurements.  
The exine surface was very variable for all species, with lumina and muri mostly being 
irregularly shaped with very little apparent “pattern”. Steyn et al. (1998) also report that the 
size and shape of the lumina may vary within populations of a single species. This makes the 
lumina diameter a highly variable character to base pollen-type categories on. Many of the 
pollen grains in this study were also coated with a biological material, often obscuring the 
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lumina and muri, making estimations of diameter and shape problematic. As mentioned, the 
pollen grains in this study were smaller than those studied in Steyn et al. (1998) which would 
also affect the dimensions of the muri and lumina, making comparison difficult.  
The only characters that were consistent amongst all species studied were the elliptical shape, 
the presence of a single, well-defined sulcus and the microreticulate exine surface. Size of 
both the pollen grains and the lumina of the exine were not useful characters for the 
delimitation of species and their infraspecific taxa. Steyn et al. (1998) found that variation in 
pollen morphological characters was fairly limited in Aloe, with the exception of the rambling 
aloes which varied in terms grain size and tectal characters. This was not the case in this 
study as the majority of the species fell into the same pollen type category.  
Grain size varied within a very narrow range at species level and could not be used for 
species delimitation unless it was used in conjunction with other data, such as distribution. 
For example, if a grain of 45 µm was studied it would likely be either A. ciliaris var. ciliaris 
or A. juddii. Knowing where the specimen was collected would be the deciding factor i.e. an 
Eastern Cape locality would indicate A. ciliaris var. ciliaris and a Western Cape locality 
would indicate A. juddii. Grain size may be useful at species level but not at varietal rank e.g. 
specimens collected in the Eastern Cape could be determined as either A. ciliaris (>40 µm) or 
A. tenuior (<40 µm) but it would not be possible to determine which variety purely on grain 
size as the size range variation is too small.  
Ordination of the pollen dimensions showed that pollen grain length and muri length were 
useful characters at the infraspecific level. The ordinations showed clear separation between 
the three varieties of A. ciliaris and less clear but still significant separation between the A. 
striatula varieties. The distinct separation of “orange” tenuior suggests that this taxon may be 
a variety in its own right. 
5.5. CONCLUSIONS: 
The pollen grains of all species studied in Aloiampelos were very similar in grain shape and 
exine surface pattern. There were minor differences in grain size. Using different SEM 
preparation methods affect pollen grain size and made comparing results to previously 
published results problematic. Future research could make use of a method which has the 
least effect on pollen morphology, such as the osmium tetroxide technique of Smith & Tiedt 
(1991). 
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Steyn et al. (1998) suggested that palynological evidence be used in conjunction with other 
data so combining pollen morphology and locality information may result in a more robust 
taxonomic tool. Pollen morphology is not informative as a taxonomic character to delimit 
species in the genus when used in isolation, but may be useful when used in conjunction with 
other characteristics or information on collection locality. Grain length and muri length were 
shown to be useful at the infraspecific level within the genus. 
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6. PHYLOGENETICS 
6.1. INTRODUCTION: 
Phylogenetics has been revolutionized by DNA sequence data in the past two decades. DNA 
sequences have become the major source of new information for advancing our 
understanding of evolutionary and genetic relationships (Hajibabaei et al., 2007). Many 
thousands of phylogenetic analyses based on molecular data have been produced by botanists 
in recent times. There has been a focus on the use of rbcL (the plastid gene that encodes the 
large subunit of Rubisco) sequences by botanists for phylogenetic analyses (Savolainen & 
Chase, 2003). Molecular markers, in particular nuclear and chloroplast sequences, have 
become powerful tools for clarifying phylogenetic relationships. Regions used in the plastid 
genome for DNA sequencing include exons such as rbcL, atpB, ndhF and matK as well as 
non-coding regions such as the trnL intron and trnL-F intergenic spacer. Nuclear ribosomal 
ITS (internal transcribed spacers of the large subunit of ribosomal DNA) is another sequence 
which is commonly used in plant molecular systematic studies (Álvarez & Wendel, 2003; 
Chase et al., 2005). ITS sequences are popular amongst botanists as the data is easily 
generated, and universal primers are readily available (Mort & Crawford, 2004).  
 
DNA barcodes consist of a standardized short sequence of DNA that is easily generated and 
characterized (Kress & Erikson, 2008). The biggest challenge for DNA barcoding has been to 
find a suitable genomic region for a wide range of taxa (Lahaye et al., 2008). The internal 
transcribed spacers have been have selected as the best markers to use for DNA barcoding in 
fungi, whereas matK and rbcL have been selected for plants (Chase & Fay, 2009). For ITS 
and the short coding regions (matK and rbcL) there is an issue in both fungi and plants is that 
for closely related species, there are few differences between the barcodes of those species, 
making identification in the those groups more problematic (Chase & Fay, 2009). A two-
marker combination of plastid rbcL and matK supplemented with additional markers such as 
plastid trnH–psbA and nuclear ribosomal internal transcribed spacer (ITS) has been 
suggested (China Plant BOL Group, 2011).  
 
Low-copy or single-copy nuclear genes are another alternative method of genetic sequencing. 
Sang (2002) stated that low-copy nuclear genes are a rich source of phylogenetic information 
and would improve the robustness of phylogenetic reconstruction. Low-copy nuclear genes 
may be particularly useful in resolving close interspecific relationships (Sang, 2002), making 
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them attractive genes for molecular systematic studies. Microsatellites are simple tandemly 
repeated DNA sequence elements (Chambers & Macavoy, 2000) with units of repetition that 
are between one and five base pairs (Jarne & Lagoda, 1996). They have been shown to be 
versatile and highly accessible genetic markers, and the most valuable trait they exhibit is a 
high level of polymorphism when compared to other nuclear loci (Nielsen & Palsbøll, 1999). 
These polymorphic microsatellites can be used to detect both inter- and intra-specific 
variations in chloroplast genomes (Powell et al., 1995).  
 
A number of studies have focused on the phylogeny of the alooids. Adams et al. (2000) used 
FISH (fluorescent in situ hybridisation) to investigate the distribution of 5S and 18S-5.8S-
26S rDNA sequences in a number of Aloe spp., covering a range of geographic distributions, 
ploidy levels and morphological types. All species in the study had a similar 5S location, 
whereas the location of the 18S-5.8S-26S rDNA was highly variable. The rambling aloes 
studied in this paper (the diploid A. tenuior and hexaploid A. ciliaris) formed a sister clade to 
the other species. These species had terminal rDNA sites at the ends of the long L3 
chromosomes and the short arm of one of the short chromosomes. This finding agreed with 
previous authors‟ analyses which suggested that the rambling aloes are basal to the rest of the 
genus (Brandham & Doherty, 1998; Viljoen et al., 1998). In 2003, Treutlein et al. (2003a) 
used chloroplast DNA sequences (rbcL, matK) and genomic fingerprinting to analyse 
phylogenetic relationships in the subfamily Alooideae in the Asphodelaceae. The only 
rambling aloe studied was A. ciliaris, and it again was positioned at the base of the 
phylogenetic tree. The authors felt that this supported Holland‟s (1978) theory that the aloes 
within the Ser. Macrifoliae represent an ancient lineage of weakly succulent, forest margin 
aloes from which other aloes evolved when aridification of the African continent took place. 
Daru et al. (2012) examined the phylogenetic relationships in Asphodelaceae subfam. 
Alooideae (Asparagales) by using an expanded molecular sequence dataset from three plastid 
regions (matK, rbcLa, trnH-psbA) and ITS1. Morphological traits were also mapped onto the 
molecular phylogeny. The results of this study showed the tree, fan and rambling aloes as 
strongly supported clades separate from the „true‟ aloes (Daru et al., 2012). The above studies 
as well as review articles (Klopper et al., 2010; Grace & Rønsted, 2012) highlighted the need 
for a reassessment of the classification of Xanthorrhoeaceae subfam. Asphodeloideae. As 
previously discussed this led to the new generic classification proposed by Grace et al. (2013) 
in which the tree and rambling aloes were raised to genus level.  
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6.2. MATERIALS & METHODS: 
 
Leaf material for genetic analysis was removed from fresh material in the field or from the 
provided cuttings (refer to table 11 for sources of material) and placed in plastic zip-seal bags 
with silica gel crystals. Silica gel has been shown to be the ideal material to preserve leaf 
samples in for DNA analysis (Chase & Hills, 1991).  
 
Table 11: Sources of leaf material for DNA sequencing, including voucher/accession 
numbers where relevant, and collection localities. 
 
Taxon Accession & voucher numbers Locality data 
rbcL matK ITS 
Unknown (not yet named, cf. 
A. tenuior var. rubriflora) 
no data Van Jaarsveld s.n. no data Msikaba River (Eastern Cape) 
A. ciliaris no data no data Genbank  
JQ025292 
No locality given 
A. ciliaris var. ciliaris K. Ellis 1 K. Ellis 1 no data Port Elizabeth (Eastern Cape) 
A. ciliaris var. tidmarshii Ex. Hort. Marloth 
s.n. 
Ex. Hort. Marloth 
s.n. 
no data No locality given 
A. ciliaris var. redacta Ex. Hort. Wisura 
2640 
Ex. Hort. Wisura 
2640 
no data Qolora Mouth (Eastern Cape) 
A. tenuior no data no data Genbank  
AF234326.1 
No locality given 
A. tenuior var. tenuior Ex. Hort. Van 
Jaarsveld s.n. 
Ex. Hort. Van 
Jaarsveld s.n. 
no data Eastern Cape 
A. tenuior var. decidua Ex. Hort. Van 
Jaarsveld s.n. 
Ex. Hort. Van 
Jaarsveld s.n. 
no data No locality given 
A. tenuior var. densiflora Ex. Hort. Wisura 
2443 
Ex. Hort. Wisura 
2443 
no data Peddie (Eastern Cape) 
A. tenuior var. rubriflora Ex. Hort. Van 
Jaarsveld 19832 
Ex. Hort. Van 
Jaarsveld 19832 
no data Port Saint Johns (Eastern Cape) 
A. tenuior var. viridifolia Ex. Hort. Van 
Jaarsveld & Voigt 
17823 
Ex. Hort. Van 
Jaarsveld & Voigt 
17823 
no data Kabouga (Eastern Cape) 
A. tenuior “orange” Ex. Hort. Crouch 
s.n. 
Ex. Hort. Crouch 
s.n. 
no data Unknown 
A. striatula var. striatula Ex. Hort. Van 
Jaarsveld 2239 
Ex. Hort. Van 
Jaarsveld 2239 
no data Makhaleng (Eastern Cape) 
A. striatula var. caesia Ex. Hort. Van 
Jaarsveld & Nell 
22383 
Ex. Hort. Van 
Jaarsveld & Nell 
22383 
no data Natal Midlands (cultivated KwaZulu-
Natal) 
A. gracilis K. Ellis 8 K. Ellis 8 Genbank 
JQ025330 
Van Stadens (Eastern Cape) 
A. decumbens Ex. Hort. Van 
Jaarsveld 21137 
no data no data Garcias Pass (Western Cape) 
A. commixta Ex. Hort. 
Unknown  
Ex. Hort. 
Unknown  
Genbank 
JQ025329 
Red Hill (Western Cape) 
A. juddii Ex. Hort. Van 
Jaarsveld, Nel & 
Xaba 18295 
Ex. Hort. Van 
Jaarsveld, Nel & 
Xaba 18295 
no data Farm 215 (Western Cape) 
A. pearsonii Ex. Hort. Van 
Jaarsveld s.n. 
Ex. Hort. Van 
Jaarsveld s.n. 
O.M. Grace 
voucher OMG072 
No locality given 
A. pluridens K. Ellis 16 K. Ellis 16 no data Port Elizabeth (Eastern Cape) 
Xanthorrhoea sp. GenBank 
AY149370.1 
GenBank 
HM640663.1  
Genbank 
U23993 
No locality given 
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6.2.1. DNA extraction and sequencing 
 
DNA extractions, amplifications and sequencing were undertaken by Inqaba Biotechnical 
Industries in Pretoria, South Africa. ITS sequences used in this study were obtained from 
Genbank and Dr. O.M. Grace, Jodrell Laboratory, Royal Botanic Gardens Kew. 
 
The regions of interest were amplified by polymerase chain reaction (PCR). Table 12 shows 
the primers used for each of the regions and the primer sequences. 
 
Table 12: Primers and primer sequences used for the various regions. 
 
Region Primer  Primer sequence Reference 
matK matK724F 
(forward) 
5‟-CGC ACT ATG TAT CAT 
TTG ATA AC-3‟ 
Treutlein et al. (2003b) 
matK matK-2303 
(reverse) 
5‟-CAT TTA GAA AAT CTA 
AGA-3‟ 
Treutlein et al. (2003b) 
rbcL rbcL-N 5‟-ATG TCA CCA CAA ACA 
GAR ACK AAA GC-3‟ 
Treutlein et al. (2003b) 
rbcL rbcL-R 5‟-TAT CCA TTG CTG GGA 
ATT CAA ATT TG-3‟ 
Treutlein et al. (2003b) 
ITS ITS4 5‟- TCC TCC GCT TAT TGA 
TAT GC-3‟ 
White et al. (1990) 
ITS ITS5 5‟-GGA AGT AAA AGT CGT 
AAC AAG G-3‟ 
White et al. (1990) 
 
6.2.1.1. Preparation of rbcL and matK sequences 
 
The DNA was extracted from the silica dried leaves using the ZR Plant/Seed DNA MiniPrep 
(Zymo Research Corp.). Approximately 150 mg of finely cut leaf material was added to a ZR 
BashingBead lysis tube and 750 μl lysis solution added. The tube was secured in a bead 
beater fitted with a 2 ml tube holder assembly and processed at maximum speed for 10 
minutes. The lysis tube was then centrifuged in a microcentrifuge at ≥10,000 x g for 1 
minute. A maximum of 400 μl supernatant was transferred to a Zymo-Spin IV spin filter in a 
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collection tube and centrifuged at 7,000 rpm (~7,000 x g) for 1 minute. Plant/seed DNA 
binding buffer (1 200 μl) was added to the filtrate in the collection tube and mixed. An 
amount of 800 μl of the resultant mixture was transferred to a Zymo-Spin IIC Column 
centrifuged at 10 000 x g for 1 minute.  The flow through from the collection tube was 
discarded and the remaining mixture was centrifuged again at 10 000 x g for 1 minute. A new 
collection tube was used to add 200 μl DNA pre-wash buffer to the column and centrifuged at 
10 000 x g for 1 minute. Plant/seed DNA binding buffer was then added to the column (500 
μl) and the mixture centrifuged at 10 000 x g for 1 minute.  The column was then transferred 
to a clean 1.5 ml microcentrifuge tube and 25 μl DNA elution buffer was added directly to 
the column matrix. The mixture was centrifuged at 10 000 x g for 30 seconds to elute the 
DNA. The eluted DNA was transferred to a prepared Zymo-Spin IV-HRC Spin Filter in a 
clean 1.5 ml microcentrifuge tube and centrifuged at exactly 8 000 x g for 1 minute. This 
process ensured the filtered DNA was suitable to continue with PCR. 
 
The matK and rbcL regions were amplified with DreamTaq
™ 
Green PCR Master Mix (2X) 
following the manufacturer‟s instructions. Once thawed, the DreamTaq™ Green PCR Master 
Mix (2X) was gently vortexed and briefly centrifuged. A thin-walled PCR tube was placed on 
ice and the following added for each 50 μl reaction: 25 μl  DreamTaq Green PCR Master Mix 
(2X), 0.1-1.0 μM forward primer, 0.1-1.0 μM reverse primer, 10 pg -1 μg template DNA and 
50 μl nuclease-free water. The samples were then gently vortexed and centrifuged.  
 
Before sequencing, amplicons were cleaned using ExoSAP manufactured by Thermo 
Scientific (Werle et al., 1994). Ten μl PCR product was added to 2 μl (2 u) FastAP™ 
Thermosensitive Alkaline, 0.5 μl (10u) Exonuclease, mixed and incubated at 37°C for 15 
min. The reaction was stopped by heating the mixture at 85°C for 15 min. 
 
The PCR was then performed used the recommended thermal cycling conditions outlined 
below: initial denaturation at 95°C for 1-3 minutes (1 cycle), denaturation 95°C for 30s (25-
40 cycles), annealing at 53°C 30s (25-40 cycles), automated fluorescent extension at 72°C for 
1 min/kb (25-40 cycles) and final extension at 72°C for 5-15 min (1 cycle). 
  
Once the PCR was completed, 5-15 μl of the PCR products were separated by gel 
electrophoresis to visualise the amplicons.  
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Sequencing was done using the ABI V3.1 BIG DYE kit as per manufacturer‟s instructions. 
The sequencing reactions were cleaned with the Zymo ZR-96 DNA Sequencing Clean-up 
Kit™ (Zymo Research Corp.)  Binding buffer (240 μl) was added to 10 μl of sequencing 
reaction. The mixture was transferred to a Zymo-Spin™ IB-96 plate mounted onto a 
collection plate and then centrifuged at ≥ 3 000 x g (5,000 x g max.) for 2 minutes. 300 μl 
wash buffer was added to each well and 15-20 μl water added directly to the column matrix 
of the filter plate. The Zymo-Spin™ IB-96 Plate was then placed on top of the 96-Well PCR 
Plate and the assembly mounted on the collection plate, then centrifuged at ≥ 3 000 x g for 2 
minutes to elute the DNA. The elutants were then injected on the ABI 3500XL genetic 
analyzer with POP7 polymer and a 50 cm array.  
 
6.2.1.2. Preparation of ITS sequences 
 
Sequences of the internal transcribed spacers (ITS) were obtained from Genbank and, for 
Aloe pearsonii, ITS1 and ITS2 were amplified with the ITS4 and ITS5 primers of White et al. 
(1990) at the Jodrell Laboratory at the Royal Botanic Gardens, Kew. PCRs in 25 µl volumes 
were prepared with 22.5 µl ReddyMix PCR Master Mix (Thermo Scientific) containing 1.5 
mg MgCl2 ReddyMix PCR Master Mix (Thermo Scientific) and 4% DMSO 0.5 µl of 0.04% 
BSA,0.5 µl of each primer and 1 µl template DNA. For the ITS region, the initial 
denaturation at 94 
o
C for 3 min was followed by 33 cycles of denaturation at 94 
o
C for 1 min, 
annealing at 50 
o
C for 30 sec and extension at 72 
o
C for 1.5 min, and a final extension of 4 
min at 72 
o
C. PCR products were purified with the Nucleospin® Extract II minicolumn kit 
(Macherey-Nagel, Düren) using the binding buffer from Qiagen (Crawley). Cycle sequencing 
of the PCR products was performed with the same primer pairs used for amplification and the 
BigDye Terminator Cycle Sequencing kit (version 3.1; Applied Biosystems) in 10 µl reaction 
volumes. The products were purified on a Biomek NX S8 (Beckman Coulter) automated 
workstation according to the manufacturer‟s protocol. Sequences from the complementary 
strands of the amplified templates were recorded on a 3730 DNA Analyzer (Applied 
Biosystems/Hitachi). Electropherograms were edited and assembled using Sequencher 4.5 
(Gene Codes Corporation). 
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6.2.2. Phylogenetic analyses 
 
Sequences were aligned in SeaView 4.4.0 (Gouy et al., 2010) using the Clustal Omega 
algorithm (Sievers et al., 2011). Minor adjustments were made manually, and the sequences 
edited to the same lengths in Bioedit (Hall, 1999).  
 
Of the available sequence-based tree construction methods, the maximum parsimony method 
is one of the most widely used. The aim of maximum parsimony analysis is to generate a 
phylogenetic tree that explains a set of aligned sequences using the minimum number of 
evolutionary events (Huson et al., 2010). The robustness of the different parts of the 
computed tree is often assessed using the standard statistical technique of bootstrapping. 
Bootstrapping provides a means of measuring how well the different branches of the 
phylogenetic tree are supported statistically. A minimum bootstrap support of 70% is 
required for a split on the tree to be considered sufficiently supported (Huson et al., 2010). 
 
Maximum parsimony analyses of each of the data partitions were conducted in SeaView 
4.4.0 with 100 bootstrap replicates, retaining a strict consensus tree of the best trees and with 
Xanthorrhoea as the outgoup. Phylogenetic trees are rooted by using an outgroup, which is a 
closely related to the taxon being studied, but not within the taxon (Huson et al., 2010). There 
were no supported incongruencies among the resulting gene trees and the data were therefore 
combined. A heuristic search under the Fitch parsimony optimality criterion was conducted 
in PAUP* (Swofford, 2003). A thousand random sequence additions and tree 
bisections/reconnection (TBR) branch swapping were implemented, with no more than 10 
trees retained at each step. A thousand bootstrap replicates were conducted under the same 
conditions. Bootstrap percentages below 70% were considered weakly supported, 75-89% 
moderately supported and 90-100% strongly supported (Huson et al., 2010). 
 
6.3. RESULTS: 
Unfortunately the ITS (1) sequences analysed by Inqaba yielded inconclusive results due to 
mixed sequences. The ITS region can be difficult to sequence as it often varies by insertions 
or deletions within an individual, resulting in two independent sequence types being analysed 
simultaneously (Alvarez & Wendel, 2003). Usually when mixed sequences are encountered, 
amplicons are cloned and then a few of clones sequenced to get a representation of the 
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sequences present. However, due to the high costs of the cloning procedure, the decision was 
made to rather sequence rbcL. The matK and rbcL sequences where then combined with ITS 
data for the phylogenetic analysis (sources of sequence data are listed in table 9). 
 
The total number of characters for the various datasets as well as the percentages of 
potentially parsimony informative characters is shown in Table 13. All datasets contained 
low percentages of parsimony informative characters, with the rbcL data having the highest 
percentage of parsimony informative sites. 
 
Table 13: Characteristics of the partitions used in the phylogenetic analysis of Aloiampelos. 
 
 % parsimony-
informative sites 
Total characters 
matK 3.37 897 
rbcL 5.14 301 
ITS 2.23 699 
Combined  2.80 1891 
 
Figures 11 to 15 show the various trees generated from novel plastid data generated for this 
study,  and a second dataset supplemented with ITS and data from Genbank. Most clades in 
the trees were weakly supported, with low bootstrap percentages.  
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Figure 11: Strict Consensus tree using the basic Aloiampelos dataset (53 PI characters out of 
1891 characters, fast-heuristic search, 1000 bootstrap replicates). Outgroup is Xanthorrhoea. 
 
The strict consensus tree (Figure 11) showed weakly supported clades for the varieties of A. 
tenuior, varieties of A. ciliaris and the Western Cape rambling aloes (A. commixta, A. 
decumbens and A. juddii). Aloiampelos was shown to be monophyletic.  
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Figure 12: 50% Majority Rule Consensus tree using the basic Aloiampelos dataset. Bootstrap 
percentages are shown. Outgroup is Xanthorrhoea. 
 
All bootstrap percentages were below the 70% statistical minimum in the 50% majority rule 
consensus tree (Figure 12). Weakly supported clades were observed for some of the varieties 
of A. tenuior and two of the Western Cape rambling aloes (A. commixta and A. juddii). 
Aloiampelos was shown to be monophyletic.  
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Figure 13: Maximum Parsimony tree generated using matK sequence data (100 bootstrap 
replicates). Outgroup is Xanthorrhoea. 
 
The majority of the bootstrap percentages were below the 70% statistical minimum in the 
matK Maximum Parsimony tree (Figure 13). Weakly supported clades were observed for the 
varieties of A. tenuior and two of the Western Cape rambling aloes (A. commixta and A. 
juddii). Aloiampelos was shown to be monophyletic. 
102 
 
 
 
 
Figure 14: Maximum Parsimony tree generated using rbcL sequence data (100 bootstrap 
replicates, 46 steps, 299 sites [16 informative]). Outgroup is Xanthorrhoea. 
 
All bootstrap percentages were below the 70% statistical minimum in the rbcL Maximum 
Parsimony tree (Figure 14). No clear clades, even weakly supported, were observed. 
Aloiampelos was shown to be monophyletic.  
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Figure 15: Maximum Parsimony tree generated using ITS sequence data (100 bootstrap 
replicates, 680 steps, 697 sites [366 informative]). Outgroup is Xanthorrhoea. 
The Maximum Parsimony tree generated using ITS sequence data (Figure 15) had high 
bootstrap percentages for all spilts. Unfortunately ITS data was not available for all members 
of the genus so the tree is still not phylogenetically informative, other than to show that 
Aloiampelos is monophyletic. Aloe pearsonii was nested within the Aloiampelos clade. 
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6.4. DISCUSSION: 
In the alignments generated, there were very few differences among the matK and rbcL 
sequences. Most splits had bootstrap percentages of less than the statistically significant 70% 
threshold. Though weakly supported (and not statistically significant), the varieties of A. 
tenuior as well as the varieties of A. ciliaris tended to form clades. In most of the gene trees 
the Western Cape species (A. commixta, A. decumbens and A. juddii) also formed a weakly 
supported (and not statistically significant) clade. A. tenuior is a very variable species with 
some authors assigning varietal ranks and others only species level. Though all the varieties 
tended to group together, there were no significant differences in the DNA sequences. 
Therefore the molecular data cannot be used to delineate infraspecific ranks within A. 
tenuior.  
Aloe pearsonii, which was transferred out of the rambling aloes, was included in the study 
but tended to be nested with the Aloiampelos clade, though again this is not statistically 
significant. A tentative deduction from this trend is that Aloe pearsonii is very closely related 
to Aloiampelos, supporting Reynold‟s decision to include it in the Ser. Macrifoliae. However, 
due to the lack of statistical support, no real conclusions can be drawn from this finding. This 
species is morphologically very different to the rambling aloes. In all gene trees, Aloe 
pearsonii and Aloe pluridens grouped together in a separate clade recovered in unresolved 
polytomy within Aloiampelos.  
While rbcL and matK are more variable in other groups (resulting in them being the markers 
of choice for DNA barcoding), both of these markers are remarkably conserved within many 
monocot groups (Chase & Fay, 2009). This low variability is the cause of the low bootstrap 
support observed for the branches in the gene trees generated. Intergenic spacers (such as 
ITS) are not under the same evolutionary constraints as plastid markers and therefore offer 
more variability. Intergenic spacers also biparentally inherited and can be more useful in 
elucidating relationships between closely related taxa (Savolainen & Chase, 2003). The 
original choice of matK and ITS for this study was based on these principals, and the 
combination of plastid and nuclear markers would most likely have been much more 
phylogenetically informative than the results obtained from the two plastid markers. In 
general, barcoding markers are unhelpful for elucidating relationships at the species rank or 
assessing species boundaries among closely related and recently evolved taxa, including the 
alooids (Hajibabaei et al., 2006). However, ITS is not without its limitations as is evident in 
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the failure to successfully sequence Aloiampelos using this marker. Portions of ITS are 
believed to fold into helices via intramolecular base pairing which may block the 
polymerisation steps performed during sequencing (Conn & Draper, 1998). The 
polymorphism exhibited by ITS further complicates the sequencing process, necessitating the 
cloning of PCR products and subsequent sequencing of the multiple clones produced 
(Hershkovitz et al., 1999). Even after these additional steps, a pseudogene or an organismal 
contaminant may be favoured during the PCR or cloning steps resulting in no functional 
sequences being obtained (Hershkovitz & Lewis, 1996; Buckler et al., 1997). 
In all the analyses in this study, Aloiampelos was found to be monophyletic. Previous 
classification systems did not address the issue of paraphyly in Aloe and studies clearly 
showed the rambling aloes in a clade separate to the core aloes (Adams et al., 2000; Treutlein 
et al., 2003a; Klopper et al., 2010; Daru et al., 2012; Grace & Rønsted, 2012). Therefore the 
findings of this study further support the recent elevation of Aloiampelos to genus rank 
(Grace et al., 2013). 
6.5. CONCLUSIONS: 
The use of the plastid markers matK and rbcL was phylogenetically uninformative, due to the 
lack of variability in the sequences in Aloiampelos. Future molecular studies using a nuclear 
and a plastid marker may be more informative at the infrageneric rank. Low-copy nuclear 
genes or microsattelites have been shown to be useful resolving close interspecific 
relationships (Powell et al., 1995; Sang, 2002) and could also be considered in future studies. 
Preliminary analyses of two plastid barcoding regions and nuclear ITS have however 
confirmed that Aloiampelos is monophyletic. 
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7. GENERAL DISCUSSION & TAXONOMIC TREATMENT OF THE GENUS 
The aim of this study was to conduct a taxonomic revision of Aloiampelos by using 
morphological, palynological and molecular characters. The results of experiments concluded 
in these areas were to be used to clarify phylogenetic relationships in the genus and to 
confirm or refute ranks at which taxa are to be recognised. 
 
The first hypothesis that was tested was that “species will exhibit characteristics matching 
those already described and published”. In the morphological study of fresh and herbarium 
material, most of the specimens conformed to published descriptions (Reynolds, 1969; Jeppe, 
1969; Brandham & Carter, 1990; Glen & Hardy, 2000; Van Wyk & Smith, 2003; Van 
Jaarsveld, 2007, 2008; Smith & Van Wyk, 2008; Klopper & Smith, 2010; Grace et al., 2011; 
Grace et al., 2013). In terms of vegetative morphology, all species were found to be very 
similar. All had a rambling habit, weakly succulent leaves borne on slender stems with 
cylindrical to conical inflorescences. This is to be expected as the rambling aloes are 
recognized as an ancient lineage of very closely related species (Holland, 1978; Treutlein et 
al., 2003a). The most interesting observations were the occasional presence of minute cilia on 
the sheathing leaf bases and the distinct lineation of the leaf sheaths of Aloiampelos tenuior 
var. decidua and Aloiampelos tenuior var. rubriflora. So this hypothesis can be accepted for 
all species in the genus excluding Aloiampelos tenuior. 
 
The second hypothesis tested was “all species included in the genus will be similar in 
cytological and genetic characteristics.” In terms of palynology, pollen grains of taxa 
included in Aloiampelos were very similar in grain size and shape, and exine surface pattern. 
All species studied were elliptical in shape, had a single, well-defined sulcus and a 
microreticulate exine surface. Grain length and width varied within a very narrow range. The 
genetic characteristics of the genus were investigated by gene sequencing using the plastid 
markers matK and rbcL. Due to the lack of variability in the sequences in Aloiampelos, the 
data was phylogenetically uninformative. The hypothesis can therefore be accepted in terms 
of palynological evidence, but not for genetic evidence. 
 
The third hypothesis tested was “all varieties of Aloiampelos tenuior will be upheld.” The 
pollen of the all the varieties with the exception of “orange” tenuior was very similar and 
palynological characters were found to be not useful to recognise infraspecific ranks. The 
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molecular data was similarly uninformative; the varieties did tend to group together in 
weakly supported clades but there were no significant differences in the DNA sequences of 
the varieties. However, the varieties differ in vegetative and reproductive characters, 
including leaf characters, growth form, flower colour, flowering times and geographical 
distribution. This variation in gross morphology and distribution is sufficient evidence to 
accept the hypothesis. 
 
The fourth hypothesis tested was that “pollen characteristics will be useful at delineating 
infra-generic ranks within the genus”. The pollen grains of all species studied were very 
similar in grain shape and exine surface pattern with only minor differences in grain size. 
Pollen morphology was not informative as a taxonomic character at species rank when used 
in isolation, but may be useful when used in conjunction with other characteristics. This 
supports the suggestion by Steyn et al. (1998) that palynological evidence be used in 
conjunction with other data. Pollen grain length and muri length were however shown to be 
useful characters for delimiting varieties, with ordinations showing clear separations in both 
A. ciliaris and A. striatula varieties. The pollen evidence also showed that “orange” tenuior 
may be a variety separate to the currently accepted varieties of A. tenuior. Pollen 
characteristics were therefore very useful at delineating infraspecific ranks and the hypothesis 
is accepted. 
 
The final hypothesis tested was that “Aloe pearsonii will be an outlier in the study, and will 
be transferred to Aloe Ser. Mitriformes”. Aloe pearsonii was only included in the molecular 
study. Though not statistically significant, it tended to be nested with the Aloiampelos clade 
in an unresolved polytomy within the genus, hinting at its close relation to Aloiampelos. This 
species is however morphologically very different from the rambling aloes (Reynolds, 1969) 
and has been shown to have different leaf exudate chemistry to Aloiampelos (Venter & 
Beukes, 1982; Viljoen & Van Wyk, 1999). The hypothesis is therefore accepted. 
 
A key is suggested for the genus, based on the findings of this study and from morphological 
characteristics published in literature (Reynolds, 1969; Jeppe, 1969; Brandham & Carter, 
1990; Glen & Hardy, 2000; Van Wyk & Smith, 2003; Van Jaarsveld 2007 & 2008; Smith & 
Van Wyk, 2008; Klopper & Smith, 2010; Grace et al., 2011; Grace et al., 2013). Illustrations 
of diagnostic features are given in Figure 16. 
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 Sheathing leaf base prominently auriculate and ciliate  
o Inflorescence cylindrical to conical (Figure 31E), flowers orange to red 
 Leaf-auricle cilia 2-4 mm long (Figure 31G); bracts 4-5 mm long; 
pedicels 5-8 mm long; perianths 28-35 mm long (Figure 31A); 
chromosome number 2n = 42 (hexaploid)……………..var. ciliaris 
 Leaf-auricle cilia 1-2 mm long (Figure 31H); bracts 4-5 mm long; 
pedicels 3-5 mm long; perianths 21-25 mm long (Figure 31B); 
chromosome number 2n = 28 (tetraploid)……..………var. redacta 
 Leaf-auricle cilia <1 mm long (Figure 31I); bracts 2-3 mm long; 
pedicels 3-4 mm long; perianths 16-23 mm long (Figure 31C); 
chromosome number 2n= 14 (diploid)..……………var. tidmarshii 
 
 Sheathing leaf base occasionally minutely ciliate 
o Inflorescence slender, cylindrical (Figure 31F) 
o Leaves glossy green, entire, flowers yellow……………var. viridifolia 
o Leaves glaucous, margin denticulate 
 Racemes densely flowered 
 Flowers yellow..............................................var. densiflora 
 Flowers orange……………………………...var. “orange” 
 Racemes laxly flowered (Oct-Feb) 
 Shrubs slender, flowers orange-red…..…var. rubriflora 
 Shrubs slender to dense, flowers yellow 
 Leaves becoming deciduous…..…..var. decidua 
 Leaves evergreen…………………..var. tenuior 
 
 Sheathing leaf base not at all auriculate or ciliate 
o Perianth 28-33 mm 
 Stems 10 mm diameter, decumbent-ascending, 750 mm long 
 Flowers scarlet, leaves 150 mm long, pedicels 4-5 mm, 
racemes 100-120 mm long, Langeberg 
area…………………………………………..A. decumbens 
 Stems erect, leaves milky green 
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 Flowers yellow, perianth 30 mm, sheaths obscurely lined 
(Figure 31K)……………………….A. striatula var. caesia 
o Perianth 40-45 mm, stems 20-25 mm diameter, erect, leaves 200-250 mm 
long 
 Leaves semi-glossy bright green, sheaths prominently green-lined 
(Figure 31J) 
 Flowers reddish-orange, racemes 100-150 mm, pedicels 3-5 
mm.………………………………A. striatula var. striatula 
 Leaves duller green, sheaths less prominently striatulate (Figure 
31K) 
 Flowers scarlet, racemes 100 mm, pedicels 8 
mm……………………………………………….A. gracilis 
 Flowers red, plants erect (dense growth), east of 
Gansbaai………………………...............................A. juddii 
 Flowers yellowish-orange, racemes sub-capitate (Figure 
31D), 50-70 mm long, Cape 
Peninsula….......................................................A. commixta 
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Figure 16: Diagnostic characters useful in delimiting species in Aloiampelos - perianth and pedicel length in Aloiampelos ciliaris (A-C); 
inflorescence types D (Aloiampelos commixta), E (Aloiampelos ciliaris) and F (Aloiampelos tenuior); cilia length in Aloiampelos ciliaris (G-I); 
distinctly striated (J) and obscurely striated (K) internodes. Scale bars: 5mm. Drawn by K. Ellis. 
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The most important change to the key when compared with those in literature is the inclusion 
of the occasional presence of minute cilia on the sheathing leaf bases of Aloiampelos tenuior. 
Though this feature is not described in any of the descriptions in literature, minute cilia were 
observed on a number of herbarium specimens and fresh material. In addition to this 
observation, the study of the herbarium specimens also found a number of misidentifications. 
This highlights the importance of detailed taxonomic studies to enable herbarium collections 
being maintained and curated accurately. 
 
Though some authors consider Aloiampelos tenuior to represent a single variable species 
rather than recognising varieties in it (Van Wyk and Smith, 2003; Klopper & Smith, 2010; 
Grace et al., 2013), the differences found in vegetative morphology, flowering times and 
geographical distribution ranges warrant the recognition of the varieties as proposed by Van 
Jaarsveld (2007, 2008). Based on palynological evidence, “orange” tenuior is also included 
as a separate variety of Aloiampelos tenuior. 
 
Though the phylogenetic analysis yielded disappointing results in terms of using the 
molecular data for species delimitation, Aloiampelos was found to be monophyletic which 
further supported its recent elevation to genus rank (Grace et al., 2013).  
 
In summary, minor morphological findings, minimal pollen morphology variations and lack 
of statistical support in the phylogenetic analyses have resulted in minimal changes being 
suggested to the genus. 
 
This study has highlighted the need for “integrative taxonomy”. There are many “tools” 
available to taxonomists, but using them in isolation rarely yields useful results. The pollen 
and molecular data obtained in this study are a case in point. The idea of combining data from 
various fields to accurately understand the phylogenetic histories of studied taxa is not new 
(Steyn et al., 1998; Smith & Steyn, 2004; Klopper et al., 2010). There is however some 
disagreement as to which data should be combined, with some authors suggesting the 
inclusion of micro- and macromorphology (Smith & Steyn, 2004) and others not being in 
support of the inclusion of “cryptic characters” such as palynology (Treutlein et al., 2003a).  
Although DNA sequences have become the major source of new information for 
understanding evolutionary and genetic relationships (Hajibabaei et al., 2007), the importance 
of combining molecular data with morphological data is also recognized (Hillis, 1987; 
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Wheeler, 2008; Ronse De Craene & Wanntorp, 2011). Morphological and molecular data are 
complementary and studies that combine both data types are usually more informative than 
those based on just one or the other (Hillis, 1987). Systems that are based on morphological 
characters may reflect information that is lacking in a system that was based on molecular 
data (Hillis, 1987; Sattler & Rutishauser, 1997). In the case of this study, the molecular data 
was inconclusive but suggestions could still be made on the treatment of the genus based on 
vegetative and reproductive morphology, including palynology. This supports the opinion of 
many authors that traditional taxonomic methods such as the study of floral morphology 
should not be shunned in favour of molecular techniques, but rather that all the “tools” 
available to taxonomists should be used integratively (Hillis, 1987; Sattler & Rutishauser, 
1997; Steyn et al., 1998; Smith & Steyn, 2004; Wheeler, 2008; Klopper et al., 2010; Ronse 
De Craene & Wanntorp, 2011). 
 
Some authors adopt the extreme view that molecular systematics is detrimental to the 
advancement of taxonomy. For instance, Wheeler (2008) states that DNA barcoding “has 
been soundly refuted and no further energy or time should be wasted on such ill-conceived 
ideas”. Given that Wheeler (2008) also suggests that the revitalization of taxonomy is both 
the “greatest scientific challenge of our time” and “the noblest contribution that our 
generation can make to humankind” this seems a rather contentious statement to make. 
Instead it should be accepted that it is inevitable that molecular data will be increasingly used 
for phylogenetic reconstruction; its popularity as a method cannot be ignored, but 
taxonomists should continue to encourage the use of integrative taxonomy.  
 
 
 
 
 
“No science can contribute more to our knowledge of evolutionary history or biodiversity or 
to human or environmental welfare than taxonomy; no science stands to lose more from the 
biodiversity crisis than taxonomy.” Wheeler (2008)  
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APPENDIX A: P-values generated by Mann–Whitney U test for palynology study. 
Table 14: Matrix of p-values generated by Mann–Whitney U test for grain length for all species studied. Highlighted cells indicate significant 
values (p < 0.05, n = 10). 
 
A. ciliaris 
var. ciliaris
A. tenuior var. 
decidua
A. tenuior var. 
densiflora
A. ciliaris var. 
tidmarshii A. commixta
A. tenuior var. 
viridifolia
A. ciliaris var. 
redacta
A. tenuior 
"orange"
A. tenuior var. 
tenuior
A. striatula var. 
striatula
A. tenuior var. 
rubriflora A. juddii
A. striatula var. 
caesia
A. ciliaris var. ciliaris x <0.001 <0.001 <0.001 <0.001 <0.001 0.009 <0.001 <0.001 <0.001 <0.001 0.016 0.006
A. tenuior var. decidua x x 0.001 0.481 0.003 0.105 <0.001 0.971 0.019 0.07 0.005 <0.001 <0.001
A. tenuior var. densiflora x x x <0.001 0.5288 <0.001 <0.001 <0.001 0.004 0.0342 <0.001 0.0342 0.001
A. ciliaris var. tidmarshii x x x x 0.0147 0.631 <0.001 0.19 0.096 0.143 <0.001 <0.001 <0.001
A. commixta x x x x x 0.02831 <0.001 0.005142 0.1655 0.315 <0.001 <0.001 0.001
A. tenuior var. viridifolia x x x x x x <0.001 0.089 0.096 0.19 <0.001 <0.001 <0.001
A. ciliaris var. redacta x x x x x x x <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
A. tenuior "orange" x x x x x x x x 0.01 0.052 0.009 <0.001 <0.001
A. tenuior var. tenuior x x x x x x x x x 0.7335 <0.001 <0.001 <0.001
A. striatula var. striatula x x x x x x x x x x 0.004 <0.001 <0.001
A. tenuior var. rubriflora x x x x x x x x x x x <0.001 <0.001
A. juddii x x x x x x x x x x x x 0.94
A. striatula var. caesia x x x x x x x x x x x x x
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Table 15: Matrix of p-values generated by Mann–Whitney U test for grain width for all species studied. Highlighted cells indicate significant 
values (p < 0.05, n = 10). 
 
 
A. ciliaris 
var. ciliaris
A. tenuior var. 
decidua
A. tenuior var. 
densiflora
A. ciliaris var. 
tidmarshii A. commixta
A. tenuior var. 
viridifolia
A. ciliaris 
var. redacta
A. tenuior 
"orange"
A. tenuior 
var. tenuior
A. striatula 
var. striatula
A. tenuior var. 
rubriflora A. juddii
A. striatula 
var. caesia
A. ciliaris var. ciliaris x <0.001 0.029 0.016 0.218 0.019 0.481 0.009 0.14 0.684 <0.001 <0.001 0.326
A. tenuior var. decidua x x 0.002 <0.001 <0.001 0.019 <0.001 <0.001 <0.001 <0.001 0.009 <0.001 <0.001
A. tenuior var. densiflora x x x 0.796 0.005 0.393 0.003 0.684 0.385 0.019 0.143 0.19 0.002
A. ciliaris var. tidmarshii x x x x 0.002 0.579 <0.001 0.684 0.186 0.002 0.123 0.218 <0.001
A. commixta x x x x x 0.001 0.353 0.004 0.006 0.052 0.001 0.481 0.739
A. tenuior var. viridifolia x x x x x x <0.001 0.28 0.121 0.121 0.853 0.089 <0.001
A. ciliaris var. redacta x x x x x x x <0.001 0.002 0.19 <0.001 0.481 0.481
A. tenuior "orange" x x x x x x x x 0.385 0.001 0.005 0.315 <0.001
A. tenuior var. tenuior x x x x x x x x x 0.045 0.007 0.678 0.002
A. striatula var. striatula x x x x x x x x x x <0.001 0.393 0.123
A. tenuior var. rubriflora x x x x x x x x x x x 0.005 <0.001
A. juddii x x x x x x x x x x x x 0.393
A. striatula var. caesia x x x x x x x x x x x x x
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Table 16: Matrix of p-values generated by Mann–Whitney U test for muri width for all species studied. Highlighted cells indicate significant 
values (p < 0.05, n = 10). 
 
 
 
A. ciliaris 
var. ciliaris
A. tenuior 
var. decidua
A. tenuior var. 
densiflora
A. ciliaris var. 
tidmarshii A. commixta
A. tenuior var. 
viridifolia
A. ciliaris 
var. redacta
A. tenuior 
"orange"
A. tenuior 
var. tenuior
A. striatula 
var. striatula
A. tenuior var. 
rubriflora A. juddii
A. striatula 
var. caesia
A. ciliaris var. ciliaris x 0.427 0.4267 1 0.732 0.255 0.021 0.054 0.081 1 0.272 0.103 0.031
A. tenuior var. decidua x x 0.82 0.622 0.79 0.57 0.021 <0.001 0.103 0.385 0.596 0.596 0.041
A. tenuior var. densiflora x x x 0.324 0.676 0.791 0.791 <0.001 0.343 0.272 0.85 0.496 0.121
A. ciliaris var. tidmarshii x x x x 0.671 0.16 0.003 0.031 0.042 0.85 0.32 0.021 0.007
A. commixta x x x x x 0.492 0.015 0.002 0.142 0.519 0.618 0.094 0.027
A. tenuior var. viridifolia x x x x x x 0.285 0.003 0.648 0.239 0.733 0.939 0.343
A. ciliaris var. redacta x x x x x x x 0.343 0.342 0.033 0.044 0.094 0.733
A. tenuior "orange" x x x x x x x x <0.001 0.045 <0.001 <0.001 <0.001
A. tenuior var. tenuior x x x x x x x x x <0.001 0.304 0.94 0.469
A. striatula var. striatula x x x x x x x x x x 0.289 0.226 0.054
A. tenuior var. rubriflora x x x x x x x x x x x 0.225 0.081
A. juddii x x x x x x x x x x x x 0.306
A. striatula var. caesia x x x x x x x x x x x x x
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Table 17: Matrix of p-values generated by Mann–Whitney U test for lumina length for all species studied. Highlighted cells indicate significant 
values (p < 0.05, n = 10). 
 
A. ciliaris 
var. ciliaris
A. tenuior 
var. decidua
A. tenuior 
var. 
densiflora
A. ciliaris 
var. 
tidmarshii A. commixta
A. tenuior var. 
viridifolia
A. ciliaris 
var. redacta
A. tenuior 
"orange"
A. tenuior 
var. tenuior
A. striatula 
var. striatula
A. tenuior var. 
rubriflora A. juddii
A. striatula 
var. caesia
A. ciliaris var. ciliaris x 0.002 0.137 0.676 0.621 0.11 0.008 0.023 0.059 0.137 <0.001 0.004 0.002
A. tenuior var. decidua x x 0.049 0.064 0.058 <0.001 0.909 0.288 0.033 0.041 1 <0.001 0.91
A. tenuior var. densiflora x x x 0.849 0.94 0.053 0.0734 0.285 0.97 1 0.017 <0.001 0.053
A. ciliaris var. tidmarshii x x x x 0.819 0.129 0.079 0.324 0.648 0.82 0.068 <0.001 0.088
A. commixta x x x x x 0.04 0.065 0.363 0.82 0.79 0.0611 <0.001 0.075
A. tenuior var. viridifolia x x x x x x <0.001 0.014 0.012 0.014 <0.001 0.053 <0.001
A. ciliaris var. redacta x x x x x x x 0.403 0.036 0.073 1 <0.001 <0.001
A. tenuior "orange" x x x x x x x x 0.287 0.307 0.269 <0.001 0.426
A. tenuior var. tenuior x x x x x x x x x 0.789 0.016 0.001 0.109
A. striatula var. striatula x x x x x x x x x x 0.036 0.036 0.074
A. tenuior var. rubriflora x x x x x x x x x x x <0.001 0.969
A. juddii x x x x x x x x x x x x <0.001
A. striatula var. caesia x x x x x x x x x x x x x
